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PREFACE 


This training manual was prepared to meet the needs of 
men of the Navy and the Naval Reserve who are preparing 
for advancement in the rating of Molder. Molder 1 and C 
assumes that the reader has an understanding of the funda- 
mental principles underlying foundry operations discussed 
in Molder 3 and 2, NavPers 10584, and has a general knowl- 
edge of the materials, tools, and equifment used by Navy 
Molders. Combined with the knowledge and skills gained 
from previous study and practical experience in the foundry, 
this text will aid the Molder in his preparation for first class 
and chief petty officer advancement in rating examinations 
based on the professional qualifications outlined in appendix 
ILof this volume. 

Molder 1 and С approaches foundry operations from the 
standpoint of the leading petty officer concerned with the 
Supervision and training of personnel and the administra- 
tion and planning of work performed in shipboard and 
shore-based foundries. The first two chapters deal specifi- 
cally with supervision, training, and administrative respon- 
sibilities and duties. Chapter 3 discusses equipment main- 
tenance procedures and the importance of an adequate main- 
tenance program. Principles of design, types of pattern 
«upment, and the role played by the Patternmaker, Ma- 
dinery Repairmen, Metalsmith, and the Molder in a pro- 
duction planning conference are the key points of chapter 
4 The next five chapters present specific phases of foundry . 
operations including sand control, molding, and the melting 
and pouring of alloys commonly produced in shipboard 
foundries. Chapter 10 is concerned with the theory of so- 
hdification of metals and the influence of systems of gates 
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and risers in feeding a casting to soundness. Cleaning pro- 
cedures, inspection and testing methods, and the heat treat- 
ment of castings are the subject matter areas considered in 
chapter 11. While safety is emphasized throughout the 
text, the final chapter considers safety in terms of the super- 
visor's role in developing a safety program for the foundry 
and outlines the principal precautions to be observed when 
molding, coremaking, melting, pouring, cleaning, and han- 
dling castings. 

As one of the Navy TRAINING Courses, this book repre- 
sents the joint endeavor of the U. S. Navy Training Publi- 
cations Center of the Bureau of Naval Personnel and person- 
nel of the Naval Establishment specially cognizant of the 
duties of Molder. Personnel of the Bureau of Ships and 
of the Naval Gun Factory's foundry provided technical 
assistance. 
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YOUR JOB: LEADERSHIP, SUPERVISION, 
TRAINING 


PAST, PRESENT, AND FUTURE 


Copes, drags, sprues, gates, risers, cores, sands—you know 
what these terms refer to as well as you know the palm of 
your hand. You know how to ram up a mold. You know 
how to prepare & heat. You know how to clean a casting. 
You can identify common metals and alloys, and you know 
how & number of them behave. You've learned a lot since 
you became a striker in the foundry. You're a Molder, and 
proud of it; and now you want to learn more and continue 
to advance in your chosen specialty. 

This book is designed to help you gain the knowledge you 
need for advancement. Of course, knowing what's in this 
book won't be enough by itself. Before you give these pages 
a preliminary going-over, review your present knowledge 
and ability. Turn to appendix II and take a look at the 
Molder quals. Can you still meet all those required for 
Molder 3 and 2? Maybe some of the skills listed under 
PRACTICAL Facrons or some of the book-learning under Ex- 
AMINATION SUBJECTS has slipped away from you. Things 
like that happen to everybody. Make sure you're thoroughly 
skilled and informed in your present rate before going on 
to the skills and information that can qualify you for further 
advancement. 

Having mastered the knowledge and skill necessary for 


your present rate, you are ready to broaden your knowledge 
to include new areas of information and to increase your 
ability to skillfully accomplish a greater number of tasks 
through the use of more difficult techniques. But to advance 
further, you need more than technical skills. In addition to 
becoming & master craftsman, you must become a leader, 
supervisor, inspector, and instructor. 

You need to be а leader because you're not only a Molder— 
you're also а Navy PO. Already you have a good idea of the 
knowledge а PO must have, the responsibilities he must ac- 
cept, the qualities he must display. Probably you've already 
studied the General Training Course for Petty Officers, 
NavPers 10055, and read the military quals for the several 
PO rates, but perhaps you ought to go over them again. 
Check up on yourself. Do you know all you need to know 
to be а good petty officer—and do you practice what you 
know? Do the men look up to you? Do you give those 
under you a square deal? Are your conduct and appearance 
all they should be? Do you take orders cheerfully and exe- 
cute them promptly? Do you give orders firmly and tact- 
fully? Can you keep your head in an emergency? If you 
are not quite up to the mark in any of these qualities, or the 
many other requirements of a good petty officer, the time to 
do something about it is now. 

Leadership is like anything else—it takes practice. Be 
willing to accept responsibility—and you'll find yourself en- 
Joying responsibility. Make yourself a leader your men will 
gladly follow. From their attitude toward you you'll get a 
satisfaction that is hard to match. 

The responsibilities of the top PO's are many. You've 
seen that yourself from observing your chief or leading first 
class. As a Molder first, you may be in charge of a foundry, 
but more likely you will work under a chief. Nevertheless, 
the men will turn to you with many problems. The chief 
will depend on you to help him with many tasks and to ac- 
cept any necessary responsibility. And you must be ready 
at any time to assume complete responsibility for the op- 
eration of the foundry if the circumstances should make you 
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the leading PO. In such a circumstance you obviously need 
to know how to lead and supervise others. To supervise 
effectively, you need to know the organization of the ship 
and the place of the foundry in that organization. Leader- 
ship involves organizing the activities of group members 
toward the accomplishment of a given task. Supervision 
is the technique by which you keep tabs on everything that 
goes on in your shop. 


THE VALUE OF ORGANIZATION IN SUPERVISION 


Good organization provides the structure through which 
plans are formulated, clear cut lines of communication are 
established, authority and responsibility are delegated. qual- 
ity and quantity of work are achieved, materials are procured, 
and missions are accomplished. The organization for na- 
tional security and the organization of the Navy are dis- 
cussed in considerable detail in the General Training Course 
for Petty Officers, NavPers 10055, chapter 10. Repair de- 
partment organization of repair ship and tender type vessels 
are discussed in Molder 3 & 2, NavPers 10584. There, it 
is pointed out that organization varies somewhat from ship 
to ship. The foundry may be in the machinery division, 
or it may be in the hull division, depending largely on the 
ship's structure. In any case, there will be an officer in 
charge of the repair department—the repair officer; there 
will be an officer in charge of your division; and your work 
will bring you in frequent contact with the Patternmaker, 
the Machinery Repairman, the Metalsmith, and less fre- 
quently with such ratings as the Pipe Fitter and the Elec- 
trician's Mate. If you are assigned to a shore-based foundry, 
the setup will probably be similar. But whatever your as- 
signment, be sure to know: 

1. To whom you and your shop are directly responsible 

2. Where you can go for advice and assistance 

9. Where your orders and assignments will originate 

4. Exactly what your superiors will expect from you 

5. As accurately as possible just what your shop is capable 

of doing. 


While not specifically mentioned in your quals, your 
knowledge of what goes on in other shops will be invaluable 
to you as a Molder. Naturally, you work most closely with 
the Patternmaker. Cooperation between Molder and Pat- 
ternmaker in all phases of a job is absolutely essential. But 
also your casting will often go to the Machinery Repairman 
or the Metalsmith for further work. You need to know what 
each will do. If the product is going to be used by the Pipe 
Fitter or Electrician, they might appreciate being consulted 
about it. At any rate, talk to the men in each shop. Learn 
about their work and tell them about yours. When you have 
time, go through some of their manuals and read up on their 
quals, Knowing what each shop does, and giving each as 
much information as you can about the problems and ca- 
pabilities of the foundry, will make everyone's work easier 
and more efficient. And it will make you a better and more 
useful Molder. This point is discussed in greater detail in 
chapter 4 where the interests and role of the several ratings 
usually interested in a casting are presented in relation to 
the planning conference. 

As a supervisor you will occupy an important position in 
the repair department organizational structure. You will 
be the link in the chain of command between your officers 
and your men. Consequently, you must be thoroughly fami- 
liar with the organization of the ship, the department, and 
the division. You must clearly understand to whom you 
and your shop are responsible, where your orders come from, 
and precisely what is expected of you by your superiors. A 
firm foundation of a well planned organization is a pre- 
requisite of good supervision. 

As a senior petty officer you will, at regular intervals, be 
the division duty CPO as well as a shop supervisor. As the 
duty CPO you will perform the following functions: 

1. Inspect all shops at the end of working hours and at 
such other times as may be necessary; make security 
reports daily prior to 1900, concerning the number of 
men working at night, special jobs in progress, and any 
other unusual conditions. (These reports are made to 
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your division officer when under way, and at other 
times, to the repair duty officer. On occasion, you may 
make these reports directly to the duty commander.) 


. Assure yourself of the alertness of personnel working 


after hours, and expedite the completion of the jobs 
detaining them. 


. See that all machinery being used is operated by com- 


petent and authorized personnel; that existing orders, 
instructions, and safety precautions are being followed; 
and that power, equipment, or compressed air are not 
being wasted. 


. See that all tools and equipment not in use are properly 


secured. 


. Check for fire and accident hazards in the shops and see 


that all shops not in use are clean and shipshape. 


. Keep the repair duty officer and men working on jobs 


notified of your whereabouts so that you may be readily 
located. 


. Take charge of any repair department work for your 


division which may arise outside of working hours, 
when so directed by the repair officer, or in cooperation 
with the shop supervisor concerned. 


As a shop supervisor, your duties will include the 
following: 


1. 


с C hm Ф2 to 


Plan, schedule, and check the progress of the shop work 
load. 


. Expedite work and inspect all jobs. 

. Ensure that work is done in a satisfactory manner. 

. Maintain order and discipline in the shop. 

. Enforce all safety precautions. 

. Sign custody receipts for all series 12000 tools and 


equipment issued to the shop. 


. Maintain the necessary records and make inventories as 


directed by your division officer. 


8. Approve or disapprove special requests submitted by 
shop personnel, explaining your reason for disapproval 
to the division officer at the time the requests are turned 
over to him. 


ELEMENTS OF LEADERSHIP AND SUPERVISION 


Up to now you have been concerned mostly with tasks in- 
volving manual skills related to the production of a casting. 
When you're in charge of a foundry, it will be your job to 
supervise lower rated men and strikers. Instead of BEING 
told what to do, you'll be more and more responsible for 
TELLING others what to do—and often, now to do it. It will 
be your job to assign work and see to it that the job is properly 
completed. 

There are many sides to supervision and leadership. Just 
as gaining skill in foundry work requires actual work at the 
job, becoming a good supervisor and leader of men requires 
practice and experience. Nevertheless, principles based on 
the experience of others and presented in a book can help you 
master the techniques of handling men as well as the prin- 
ciples of equipment operation. Some of the basic elements 
involved in supervision and leadership are concerned with 
routine and discipline, praise and censure, understanding 
men, communication, human relations, giving orders, dele- 
gating authority, inspecting, and instructing. Each of these 
elements or principles is discussed in the paragraphs which 
follow. 


Routine and Discipline 


In any good organization, the duties and responsibilities 
of each member of the group are spelled out in detail. Each 
man knows exactly what is expected from him. However, 
a mere listing of duties does not necessarily get them accom- 
plished. The established routine of foundry procedures 
must be reinforced by discipline. Just as the automatic elec- 
trode bracket of an indirect arc furnace regulates or disci- 
plines the arc because the several parts of the bracket and 
the electric motor work in unison, so must the supervisor 
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regulate or discipline the activities of his men to gain a 
specific objective. The problems of supervision and disci- 
pline in the fouridry are more complicated because you are 
dealing with human beings and not with mechanical parts. 
To get prompt and willing compliance with orders you must 
supervise in а calm and understanding manner. You will 
get more respect and better results by being reasonable and 
fair than in any other way. Fairness, however, must not be 
confused with laxity or undue leniency. 

Be sure that your men know what to do. You can't ex- 
pect anyone to do a good job unless his instructions are clear. 
You should, of course, have a standard operating procedure 
for all routine tasks. Have all the men learn those proce- 
dures thoroughly. In certain complex operations, like oper- 
ating а furnace, or dangerous ones, like pouring a heat, no 
deviation from the standard procedure should be permitted. 
But if а man can produce a sound casting by a method dif- 
ferent from yours, and if his method is at least as fast, safe, 
and efficient, by all means let him do the job his way. In 
fact, you will be wise to encourage any suggestions which 
might improve the quantity, quality, safety, or economy of 
the foundry's work. 

In preparing man-hour schedules, remember that your 
men will need occasional breaks and periods of relaxation. 
If you do not take the factor of fatigue into consideration, 
your methods will tend to become tyrannical. On the other 
hand, if you grant an excessive number of breaks, you may 
lose control over the group. In each individual situation, 
strive for а happy medium. Be flexible enough to make al- 
lowances for changing conditions. Make the standards of 
conduct uniform for everyone working under your super- 
vision. In giving praise or censure, never show favoritism; 
be impartial, consistent, and humane. 


Praise and Censure 


There is a common misconception that discipline is merely 
a matter of administering censure or punishment. Disci- 
pline also has its positive aspects that all too often are over- 
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looked. When inspecting the quality of work done by one 
of your men, you must resist the tendency to comment only 
on the mistakes that are made. You should comment favor- 
ably on the good parts of the job as well. Heretoo, you must 
use good judgment. No one is entitled to praise for simply 
doing his job. A kind word, though, goes a long way in 
boosting morale, but avoid excessive flattery. If you pass 
out commendations indiscriminately, they soon lose their 
meaning. А good rule to remember is that a kind word 
boosts morale; flattery tends to destroy it. | 

When praise is handed out from your superiors, be sure 
to pass it on down the line to the men who helped earn the 
commendation. Don’t be a “credit grabber.” Recognition 
given to your men for a job well done is music to their ears. 
Another good rule to remember is: Praise in public; censure 
in private. When censure is necessary, be careful that the 
man understands why he is being censured. Be especially 
careful to avoid the use of sarcasm. If one of your men 
makes a mistake—and all of us do—don't blow your top. 
Losing your temper NEVER does any good. If a man has 
misunderstood an order, a technique, or a principle, see that 
he understands from now on. 


Know and Understand Your Men 


True discipline is obtained through the voluntary coopera- 
tion of the men under your supervision. Cooperation is a 
two way street. Your men depend on you to fulfill many of 
their needs. They want your approval. They want a super- 
visor they can respect and brag about. By the same token, 
you want men who will be a credit to the shop, the ship, and 
the fleet. It takes hard work on the part of both you and 
your men to earn this mutual respect. 

To develop the cooperation necessary for voluntary disci- 
pline, it is important to know and understand your men. 
This understanding is essential if you are to treat them as 
individuals and not merely as cogs in a machine. Learn all 
you сап about each man in your shop—his name, ambitions, 
problems, capabilities, and limitations. Show your men that 


you are sincerely interested in their welfare. If you know 
and understand your men, have respect for their dignity as 
individuals, and show a sincere interest in their welfare, they 
will respond with renewed energy, pride, and confidence in 
your leadership. They will work because they want to, not 
because they are compelled, or because they fear punishment. 

At the same time you are learning to know your men, give 
them ал opportunity to know you. When they have work 
to do you should put in an appearance to let them see that 
you are interested. Be available and approachable. But 
remember, your men don't want you breathing down their 
necks. You and they will be much better off if they know 
(1) that you trust them to do their best without being driven, 
and (2) that you will tolerate no slipshod performance. By 
interviewing your men and chatting informally, you can 
show that you are interested in them as individuals. Be 
very careful, however, not to pry into private affairs. When 
а man comes to you with a personal problem, listen sympa- 
thetically, but be careful about giving advice. It's not your 
job to become a chaplain in dungarees. 

Maintaining voluntary discipline becomes easier if you 
are technically proficient. Not only know your job but also 
keep trying to know it better. Keep up with every new de- 
velopment, military and civilian, that might affect your 
work. If you are confronted with a question you cannot 
answer, admit it. No one person knows all the answers. 
Don't try to bluff. If the bluff doesn't work, you'll lose the 
respect of your men. Instead, show your men that you have 
an inquiring mind. Make every effort to find out the answer 
to the question. Then, when you find the answer, share your 
knowledge with the rest of the men in the shop. 


Communication 


Every person in the Navy must obey the order of his 
lawful superior. It is easy for a supervisor to operate on 
this basis; that is, the supervisor can give an order, make 
no explanation as to its purpose, and require blind obedience. 
To a certain extent, this is necessary. No supervisor has 
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time to explain the necessity for all of his orders. It should 
never be forgotten, though, that men do better work when 
they understand the purpose of an order. When they feel 
that the job they are doing is important, they put forth extra 
effort. А part of your job as a supervisor, then, is to show 
your men that their job is important, а part of something 
big. Further, keep your men informed about the general 
plans of the activity of which you are а part. Personal at- 
tention to getting the word explained to every man will pay 
big dividends in building an alert, smooth running organiza- 
tion. When orders or instructions are issued to you by your 
superiors, pass the word on to your men. Show them the 
reason for their duties, and make it clear to them how those 
duties fit into the overall picture. 

Thus far, we have talked about passing the word down. 
Just as important, however, is that the word is passed up- 
ward. Be alert to get your men's reactions. Encourage 
them to confide in you. Very often a small, petty gripe will 
be gnawing away at the men in the shop and wreak havoc 
with morale. Unless you are aware of the gripe, you are in 
no position to do anything about it. Usually, if you know the 
facts you will be able to correct the situation. Naturally 
you can't work miracles; there are some things you will not 
be able to do anything about. Above all, pon’r make prom- 
ises that you know you cannot keep. Do give your men a 
chance to get a gripe off their chests by discussing it calmly 
with you. It will help clear the air. 


Human Relations 


Getting along with people is an art that all of us would | 
do well to cultivate. Unfortunately, there are no magical 
rules of conduct or *bag of tricks" that will guarantee success 
in human relations. However, if you possess such charac- 
teristics as dependability, punctuality, consideration, and 
tact, the chances of success are improved considerably. 
You should strive to develop these traits. "They'll help make 
the job of getting along easier. 
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Dependability means reliability or trustworthiness. Punc- 
tuality means promptness, getting where you are supposed 
to be on time. Consideration is the thoughtful regard and 
respect for the needs and feelings of others. Tact is present- 
ing the truth with consideration: It is the knack of saying 
the right thing at the right time, without giving offense. It 
may be difficult to be tactful at times, especially when the sit- 
uation is urgent and tempers have been roused. 

One of the keys to good human relations is the technique 
of giving the other fellow a chance to get out of the argument 
gracefully. There аге other things you can do to help you 
get along better with people. Learn to smile in a sincere, 
warm, and friendly manner. Become genuinely interested 
in other people. Try to make the other person feel impor- 
tant, and do it sincerely. 

Knowing a list of character traits and specific techniques 
is of little value in leadership and human relations. It's а 
matter of knowing when to employ the techniques and actu- 
ally possessing the trait. The knack of getting along with 
people can be acquired, but it takes practice. Unless you 
apply the techniques seven days & week and conscientiously 
strive to develop the traits, knowing the list won't help you 
any more than if you had never opened the book. Nothing 
succeeds like success. If you make it a practice to try to han- 
dle effectively all the minor problems in your daily work, you 
will find that you will be confronted with fewer major 
problems. Those that do arise will be that much easier for 
you to solve because of your previous successful experience 
in handling people. 


Giving an Order 


With each advancement you have accepted more responsi- 
bility. Along with that responsibility you have had greater 
authority. As a leading petty officer you will be responsible 
not only for your own work but also for the work of others. 
Your job is to get people to do their jobs with maximum 
effectiveness. To accomplish your job you have to give 
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orders. The results you obtain will in large measure be 
determined by the way in which those orders are given. 

For a long time you were on the receiving end of orders. 
From experience, you know that some were easier than others 
to take and to obey. Think about it, and you'll recall some of 
the main characteristics of easy-to-follow orders. They were 
usually the ones that were pleasantly issued and made sense 
to you. Further, they were clear, concise, and complete. 
Now that you are in a position to give orders, remember that 
the men under you will experience the same reactions you did 
when you were on the receiving end. Don forget that the 
wHY of an order pays off in good will and cooperation. 
Give orders the same way you'd like to receive them. The 
following suggestions are based on sound leadership princi- 
ples. Apply them when you are giving orders. 


1. Think your order through before you give it. Make a 
decision and stick to it. Adding afterthoughts can re- 
sult in hopeless confusion. 


2. Explain what you want done so that there can be no mis- 
understanding. Ке-сһеск to confirm that your order 
was understood correctly. 


3. Show that you have confidence in the ability of your 
men to get the job done. It is not necessary to spell out 
in detail how to do the job unless the individual asks 
for such assistance. Encourage your men to use their 
initiative. 

4. Be available to encourage and to coach your men if and 
when they encounter difficulties. 


5. Avoid talking down to the men. 


6. Avoid an overbearing attitude in giving instructions. 
Remember that the men are serving the Navy, not you 
personally. 

T. In giving an order, try to get across the feeling of 
Let's go” instead of “Get going." 

Giving an order is only part of the story. Be sure to pro- 

vide a subsequent follow-up or check to see that there is 
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prompt compliance with your order. Sound ability of the 
supervisor combined with the disciplined obedience of his 
men produces high morale and peak efficiency. 


Delegating Authority 


In а small organization or shop in which the work load is 
exceptionally light, the supervisor may be able to handle all 
the necessary details himself. If and when you find yourself 
bogging down in a sea of small problems, the time has come 
to delegate some of your authority. A supervisor who over- 
burdens himself with endless detail may become as inef- 
fectual as one who lets matters take their own course. 

Delegating authority to others is a privilege of supervi- 
sors, but like most privileges, it must be used with fore- 
thought and discretion. Take into consideration the estab- 
lished chain of command. Seniority is just as important go- 
ing down the line as going up. When delegating authority, 
select the man next senior below you. If you bypassthis man, 
you will cause resentment and defeat the purpose of your 
organizational structure. 

Make certain that any man to whom you delegate author- 
ity to supervise various tasks clearly understands what 15 
to be done. Then let him exercise his judgment. You 
gained valuable experience by being put in a position of 
trust. Give your man a similar opportunity. If he needs 
help, encourage him to come to you for advice. Check with 
him from time to time, but don't get in his way. 

Delegating authority does not relieve you of the final re- 
sponsibility for seeing that the work is accomplished satis- 
factorily. It is primarily a means of relieving yourself of 
detail; it cannot be used as a means of “passing the buck.” 
Properly employed, the delegation of authority not only re- 
lieves you of detail so that you can devote more time and 
energy to more serious problems, it is also a useful method 
for observing and developing the supervisory skill of your 
senior men. 


Inspection 


The supervisor's function as an inspector is vital to the 
efficiency and safety of а foundry. You want a shipshape 
shop that manufactures а sound product. Frequent and 
thorough inspections are necessary to attain this twofold 
objective. On the one hand, check for cleanliness, the proper 
use of tools and equipment, and strict compliance with all 
safety precautions; on the other, insist on quality castings. 
Don’t overlook the little things on your rounds. By train- 
ing your men to keep the shop in constant trim, you are en- 
couraging orderly thought and systematic work habits which 
will be directly reflected in high quality workmanship. 

Through inspection you ensure that castings are produced 
with the most efficient and economical use of equipment and 
materials, that work is performed in a safe manner. The 
efficient use of material is taken up in chapter 2. Shop main- 
tenance is the subject of chapter 3. Inspection techniques of 
value in casting quality control are presented in chapter 11. 
Safety—a subject you can never forget for even an instant— 
is discussed in detail in chapter 12. 


Planning and Directing Work 


One of the most important factors in supervision is a job 
plan. Know where you're going and how you're going to 
get there. If you don’t, you'll find yourself muddling 
through in an inefficient manner. When setting up а job 
plan, consider these questions: (1) What is the job? (2) 
How can it be accomplished? (3) How many men are re- 
quired? (4) What tools and materials are necessary? 
Schedule activities so that work is accomplished in the proper 
sequence. This is especially important if you have men 
working on different parts of the same job. 

In distributing work, be fair to all the men. It is a natural 
inclination, and a part of every person's makeup, to give the 
breaks to the people he likes. The important thing is to 
realize that you have this inclination and to control it. 
Avoid having a man do all the work of one type just because 
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he happens to be an expert in that particular phase of the 
work. Pass the work around so that each man will get а 
chance to develop his skill in all phases of foundry opera- 
tions. Assign your strikers to assist with various kinds of 
work so they’ll get experience on all kinds of jobs. 

Rotating assignments makes the work more interesting 
for the men and, in addition, makes them better qualified for 
advancement in rating. Another good reason for rotating 
assignments is that if one highly skilled man does all the 
work of a certain type, you and your shop will be at a great 
disadvantage should he ever leave the crew. Finally, avoid 
favoritism ; it leads to poor morale and low production. Let 
ability be the measure of your men. Never give your men 
reason to believe that the only way to get ahead is to become 
your pal. Practice the principles of leadership and super- 
vision until they become second nature. 


INSTRUCTION AND TRAINING 


In the Navy you're either instructing or being instructed. 
The chief is no exception to the rule; however, a larger por- 
tion of his time is spent in teaching than in being taught. 
Thus, one of your principal responsibilities as a leading petty 
officer is training your men. The extent to which you fulfill 
this responsibility will in large measure determine your 
ability as а supervisor and a petty officer. Much of what 
you know about molding came to you from the instruction 
of more experienced men. Now it's your turn to pass on 
your knowledge to others. To be effective though, you must 
have a plan. Successful training is not a hit or miss 
proposition. | 

А Teaching Plan 


You must be on the alert to spot the training needs of 
your men. When new methods, equipment, or jobs are intro- 
duced, or when promotions or transfers are made, you will 
frequently find a specific need for training. New men may 
lack adequate skill for the jobs assigned to them. Some- 
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times they need refresher training. Whatever the need, 
youll have to develop a plan to meet that need. 

Planned instruction means teaching a subject in an orderly, 
step-by-step fashion. But because you are dealing with in- 
dividuals possessing varying degrees of skill, your prob- 
lem will be more complicated than if all the men were begin- 
ning from scratch. Consequently, each individual will have 
to be considered in relation to each job that is performed in 
your foundry. The different degrees of capability your men 
possess make it necessary for you to individualize your in- 
struction. Though it may take more of your own time, this 
arrangement will enable you to concentrate on one phase 
of foundry operations at a time, and thus hold instruction 
periods for one or two trainees at a time without completely 
closing down the shop. 

Before beginning any training program, you should have 
answers to the following questions: 


. What is the job you want to teach ? 

. How much or how little training is required ? 
. Who should do the training? 

. When should it be done? 

. How can it best be done? 

. Where should it be carried out? 

In developing your training program consider the work 
load of your shop, the approximate future work load, the 
abilities of your men, and their present work performances. 
Pay particular attention to the man who is weak in any phase 
of the work, regardless of his rate. Give him an opportunity 
to improve. 

Take advantage of every opportunity to utilize the skills 
of your men in training others. Let them show others how 
to do а job. Not only will you make several other men 
better molders, but you will also give the man with special 
skill the recognition he deserves. 
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The Teacher in You 


Effective teaching takes many of the same qualities as 
leadership. Your technical ability, personality, enthusiasm, 
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sense of humor, sense of responsibility, ingenuity, and mili- 
tary bearing, will all enter into the picture. The list of char- 
acteristics of а good instructor is endless because each 
teaching situation—and each individual learner—is differ- 
ent. With one learner you may have to be hard-boiled ; with 
another, you may have to be especially patient; while a third 
may call for a high degree of tact. In any case, you must 
be flexible enough to adapt yourself and your methods to 
the requirements of the specific learner, subject matter, and 
situation. You must motivate the trainee to learn. Arouse 
his interest, desire, and willingness to make him ready to 
learn. Make him see the practical use of the material he is 
expected to learn. Make the learning experiences vivid by 
appealing to the senses, sight, hearing, touch, and in many 
cases, even taste and smell. First impressions are lasting 
ones; therefore the new subject or skill must be presented 
correctly the first time. Remember, it is more difficult to 
get rid of bad work habits than it is to learn good habits 
in the first place. Finally, the trainee must experience a feel- 
ing of satisfaction after having put out the effort to learn. 
If you have convinced the trainee that the skill is worth- 
while, he will repeat it until the new pattern of behavior 
is fixed. When the skill becomes second nature, learning has 
been achieved. 


Methods of Teaching 


There are many different methods of teaching—lecture, 
demonstration, discussion, pupil-coach, and laboratory or 
shop work. Additional pointers on techniques may be found 
in ZÀe Manual for Navy Instructors, NavPers 16103-B. 
Through formal training (lecture and discussion) you can 
teach your men the theory and principles of solidification 
and other aspects of foundry work. Through demonstra- 
tions you can show them the right way of doing a job. But 
these are not enough because telling isn't always teaching, 
observing isn't always understanding, and listening isn't al- 
ways learning. А trainee learns best by doing. On-the-job 
training is what produces real skill. 


17 


The following procedure is suggested for on-the-job 
training: 

1. Explain the importance of the job and how it fits in 

with the rest of the work. 

2. Show the trainee how to do the job, explaining each 
Step as it is performed. Put special emphasis on safety. 

8. Be sure the trainee understands how to do the job be- 
fore he begins. 

4. Check the trainee's progress carefully so that mistakes 
can be corrected immediately. 

5. Provide opportunity for supervised practice to make 
sure that undesirable work habits, which might lead 
to faulty performance, are not developed. 

6. If such work habits occur, re-teach that portion of 
the job. 

As an aid to on-the-job training you can use any one of an 
assortment of training aids obtainable through the educa- 
tional officer. The following list of training films and film 
strips will be helpful in your training program. 


Film No. Title Film Strip No. 
ME-7311A Molding With a Loose РаНегп-------------- SE-7311K 
ME-7311B Making a Simple Соге-—.-------------------- SE-7311L 
ME-7311C Molding Part Having a Vertical Соге________ SE-7311M 
ME-7311D Molding With a Split Раіќегп_______________ SE-7311N 
ME-7811E Molding With a Gated Pattern.............- SE-73110 
ME-7811F Molding a Loose Pattern (Floor)...........- SE-7311P 
ME-7311G Molding With a Deep Green Sand Соге______ SE-7311Q 
ME-78311H Molding a Valve Войу---------------------- SE-7311R 
ME-7311I Molding a Horizontal Cored Part............ SE-73118 


You will find also that BuShips Industrial Notes, Shop 
Notes (now published in the BuShips Journal), and Safety 
Review are useful in planning a training program. Train- 
ing aids, when properly used, will improve your training 
program by increasing student interest, morale, understand- 
ing, and retention of subject matter. 


Evaluation 


It is said that if the student has not learned, the instructor 
has not taught. Since it is the results that count, a good 
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instructor is always interested in finding out just how suc- 
cessful his teaching has been and what more may be needed. 
To determine just how much you have succeeded in putting 
across information, try the quizzes from the Molder training 
courses from time to time. Make frequent and regular pro- 
gress checks of the work the students are doing. Question 
them individually about their particular problems. In this 
way, you'll be able to sound out any deficiencies in your train- 
ing methods. 

If at times training should seem insignificant as compared 
with such things as record production, simply remember 
that were it not for the training you received when you were 
а striker and lower rated PO, you would not be able to qualify 
for the job you have today. Your men deserve an equal 
break—if possible, a better one. It's up to you to provide it. 

It is important to note that by imparting all you know to 
others, the more you learn yourself, often from the man with 
the lowest rating. By having a real ability to impart knowl- 
edge to others you increase your own chances of advancement. 
Teaching others also causes you to increase your own knowl- 
edge, primarily to do a better job of teaching, but again in- 
creasing your own chances of advancement because of this 
added knowledge. Thus, by helping others gain knowledge 
and skill in foundry work, you are helping yourself along the 
road to success. 


SUMMARY 


Preparation for advancement in rating involves more than 
mastery of technical knowledge and skill. You must also 
become proficient in leadership, supervision, inspection, and 
the techniques of instruction. Reading about these skills and 
memorizing lists of characteristics and attributes are of little 
value unless you actually put the principles to use and prac- 
tice them until they become second nature. 

Familiarize yourself with the organizational structure of 
your ship, department, and division. Remember, as a super- 
visor, you are a link in the chain of command between your 
officers and men. You have obligations in both directions. 
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In dealing with your men practice the principles discussed 
in this chapter. Give your men an opportunity to grow by 
delegating authority and devising an on-the-job training 
program that will help them qualify for advancement as well 
as increase the efficiency of your shop. Utilize job rotation 
and plan your instruction so that information and skill are 
developed in a logical step-by-step fashion. Make the in- 
struction vivid. Be sure that the subject or skill is presented 
correctly and that the man practices correctly the first time. 
In large measure, the efficiency of your foundry depends on 
your ability to lead, supervise, and impart knowledge to your 
men. 


QUIZ 
1. Into what areas of knowledge and skill, in addition to technical 


proficiency, must the candidate for advancement to first class or 
chief petty officer expand? 


2. In brief, define leadership and supervision. 


3. Why is knowledge of the organizational structure especially valu- 
able to the supervisor? 


4. Why is knowing and understanding your men an important part 
of voluntary discipline? 


. What are the characteristics of an easy-to-follow order? 
. What is the purpose of delegating authority? 

. What is the advantage of job rotation? 

. Whatis meant by planned instructions? 


. What teacher characteristics influence the effectiveness of an 
instructor? 
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10. Name the teaching methods you may use in your training program. 
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YOUR JOB: FOUNDRY ADMINISTRATION 


THE SUPERVISOR'S ADMINISTRATIVE DUTIES 


Planning and supervising the activities of others to accom- 
plish a mission economically and efficiently requires technical 
knowledge and skill in operational procedures and production 
processes. Just as important, as indicated in the previous 
chapter, is the ability to understand, get along with, adminis- 
ter, and train men. But running a shop also involves skill in 
coping with a multitude of details influencing the smooth 
functioning of your organization. These details include esti- 
mating time, material, and cost factors in the production of 
castings; requisitioning, handling, stowing and accounting 
for supplies and spare parts; maintaining accurate records of 
all phases of foundry operations; and submitting reports re- 
quired by higher authority. These administrative functions 
of the shop supervisor are the subject matter of this chapter. 
However, before discussing these specific functions, let's look 
at the overall procedure for handling repair work on tenders, 
repair ships, and shore based repair facilities. It is within 
this framework that your administrative duties will be per- 
formed. 

THE REPAIR PROCEDURE 


Although the repair procedure on tenders and repair ships 
is essentially the same, there are minor differences in the 
method of accepting work. That is, the channels through 
which work requests flow to the repair department vary 
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slightly between repair ships and tenders. Tender assign- 
ments are different from those of repair ships because of the 
type and size of the vessels tended. For example, it is con- 
venient to berth a number of destroyers or submarines along- 
side the tender; whereas, in the case of capital ships, avail- 
ability alongside is granted only when the nature of the work 
to be accomplished requires immediate access to the repair fa- 
cilities. Another difference is that on repair ships there are 
general maintenance facilities and stocks of commonly used 
repair parts for a number of types of craft, while the facili- 
ties and material items kept in stock on a tender are specific 
not only to the type of ship tended but to the particular class 
composing the squadron to which the ship is attached. Re- 
pair procedures are also modified in accordance with peace- 
time or wartime operating conditions. In brief, the differ- 
ence between repair ships and tenders is this: Repair ships 
provide general or specific repairs to all types of vessels; 
tenders furnish facilities for a specific class of ships. 


Availability 


In normal peacetime operations, the type commander or 
his designated representative within the task force, sched- 
ules and grants periods of availability alongside repair ships 
for those units which require them. Navy Regulations de- 
fine availability as the period of time assigned to а ship by 
competent authority | for the uninterrupted accomplishment 
of work at a repair MIS The conditions and purposes 
of availability are: 

1. À REGULAR OVERHAUL is an availability for the accom- 
plishment of general repairs and alterations at a naval ship- 
yard or other shore-based repair activity. Regular over- 
hauls of ships are cyclic and the period between overhauls 
recommended by BuShips is generally 18 months. | 

2. А RESTRICTED AVAILABILITY is an availability for the ac- 
complishment of specific items of work by a repair activity 
with the ship present. Many of the ships which come along- 
side а repair ship or tender will have been granted this type 
of availability. 


3. A TECHNICAL AVAILABILITY 18 an availability for the ac- 
complishment of specific items of work with the ship хот 
present. This type of availability is granted when a unit 
of equipment needs repairing, such as an auxiliary pump— 
a unit that can be detached and left for repairs while the 
ship continues on its mission. Since the ship will not be pres- 
ent during the availability, arrangements must be made for 
the ship to deliver the defective equipment to the repair ac- 
 tivity and to call for it on completion of repairs, or to pro- 
vide adequate shipping instructions. 

4. VOYAGE REPAIRS is an availability for emergency work 
which is necessary to enable a ship to continue on its mission 
and which can be accomplished without requiring a change 
in the ship's operating schedule or in the general steaming 
notice in effect. This type of availability is very similar to 
restricted and technical availabilities, except that a change 
in operating schedule is Nor involved. 

9. An UPKEEP PERIOD is a period of time assigned by com- 
petent authority to a ship while moored or anchored, for the 
uninterrupted accomplishment of work by the ship’s force or 
other forces afloat. Ships are assigned upkeep periods at 
more or less regular intervals, usually between cruises or pe- 
riods of operations. 

When a ship receives its employment schedules it can 
prepare work requests in advance from the CURRENT SHIP’S 
MAINTENANCE PROJECT cards. The CSMP is a running list 
of all items of shipboard gear arranged by departments. A 
record of all repairs completed and required is kept on these 
cards. Repair items are marked as either ship’s force work, 
repair ship work, or shipyard work. The work requests are 
forwarded for review to the type commander’s representa- 
tive within the task force or group to which the ship is as- 
signed. Figure 2-1 shows a sample work request. After 
the work requests are screened they are forwarded to the re- 
pair ship assigned to do the work. This is done well in 
advance of the assigned period of availability so that the re- 
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WORK REQUEST (Tender) 
DATE: 


14 і med =" p ` 
амра [мю | эп | as 
u.a s Lamson s Goa Classification ReStr1c ted , Urgent 
8 ا‎ 
Date Listed 9 j 
Tender: TT = 1< J. O. Ne. 3 
Brief of Repair -- any necessary data, comment on material, and 
кылы ло Service Force Activities Bulletin). Une back if necessary. 
Manufacture one (1) impeller for water pump, 
Material specified in attached drawing. Contact 
First Lieutenant's office 1f additional information 


1s desired. 


—r B д s... — 2 | 


Figure 2—1.—A sample work request form. 





pair officer may analyze each job and, if necessary, order ma- 
terials. In case of emergency work outside of an upkeep 
period, this process is usually handled by dispatch. 


Arrival Conference 


The arrival conference between representatives of the ship, 
the repair department, and usually the type commander's 
representative, serves to clarify all uncertainty for the repair 
department concerning each work request. Jobs are specifi- 
cally defined and priorities are settled. "Very often the bro- 
ken part or a blueprint of the part will accompany the work 
request. In order to estimate the amount of work that can 
be accepted, the repair officer must know the current work load 
as compared to the capacity of each shop. 

Arrangements are also made for the repair ship to provide 
the primary services of steam and electricity in sufficient 
quantity to take care of heating and lighting requirements 
and to provide limited power for ships alongside. In addi- 
tion to these services, the repair ship takes over communica- 
tion watches. Fresh water and fuel requirements are not 
usually supplied except from service force barges. 
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Processing a Job Order 


The real work of the repair department begins when the 
work requests are accepted by the repair officer at the time 
of the arrival conference. Each work request is recorded in 
the repair department log of incoming requests and is as- 
signed a specific job order number. The original copy 15 
filed in the repair office in a WORK OUTSTANDING file and the 
extra copies are passed immediately to the division officer for 
distribution to the appropriate shops. From this point on 
the work request is referred to as а JOB ORDER. 

The leading petty officer of each shop calls at the repair 
office one or more times during the day to pick up new job 
orders. He may indicate on each order his estimate of the 
time in man-hours required to complete the work. Then he 
reviews each job order with the division officer and they work 
out the relative priority of each job. Sometimes it is desir- 
able to complete a number of small jobs before assigning a 
large number of the shop personnel to a single major job; 
on other occasions it may be more efficient to reverse that 
sequence. As the work proceeds, additional conferences and 
continuous revisions of priorities are required. The men are 
assigned the jobs to be taken up as fast as they complete 
previous work. Starting time is indicated on the job order. 

It may be necessary to call upon other shops to help with 
certain jobs. For example, a Machinery Repairman is work- 
ing on the emergency repair of a pump and discovers that 
he will require a casting of the impeller. Because time does 
not permit waiting for a delivery from the supply depot, the 
item will have to be manufactured. He prepares and for- 
wards a supplementary job order or inter-shop work request 
to the foundry, giving all the pertinent data and referencing 
the basic job order. Because the Chief Molder will require 
а pattern to make the casting, he will prepare and forward an 
inter-shop work request to the pattern shop. The shop super- 
visor or leading petty officer usually signs these supplemen- 
tary Job orders (see fig. 2-2). While waiting for the pattern 
and the casting to be completed, the Molder and Machinery 
Repairman take up other jobs. When the pattern is com- 
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It is requested that assistance be furnished this shop by accomplishing the following IS : 


work. 
BREF OF WORK: 
Cast /2' diameter flywheel as G N 
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ре attached blue print. (Pattern 
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Figure 2—2.— A supplementary job order or inter-shop work request. 





pleted it is sent to the foundry. The inter-shop work request 
is routed to the control shop (repair office), where it 1s at- 
tached to the master or basic job order. 

If the work to be accomplished cannot be brought aboard 
the tender or into the shop, outside repair personnel are 
assigned under the supervision of one of the assistant repair 
officers, The outside repair personnel are highly trained in 
their specialized fields. They do the same type of repair 
work as skilled yard personnel when a ship is granted a 
naval shipyard availability. 

In the process of accomplishing repair work, the men must 
requisition supplies from the supply storerooms. Supply 
procedures will be discussed in greater detail later in this 
chapter. At this point it is sufficient to say that detailed 
records of the materials used and the number of man-hours 
spent on each job are kept on file in the repair office. 


Checking the Work and Progress Reports 


Inspection of the work and the record of progress on the 
various jobs must be closely followed by those responsible in 
the repair department. Normally, the division officer makes 
several rounds of the shops and outside activities during the 
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day. He settles differences of opinion between ship and 
repair personnel on the conduct of any particular job, ex- 
pedites supplementary job orders for other divisions, and 
otherwise eliminates any bottlenecks in the course of progress. 

Progress reporting varies with each repair department. 
It may be an informal verbal report by shop petty officers 
who pass the word on to the repair officer, or it may be a 
formal written report submitted on mimeographed forms 
(see fig. 2-3). At the close of working hours each day, the 
leading petty officer lists, by number and short description 
of the work, each outstanding job order in his shop and the 
percentage of the job completed. The division officer receives 
and notes the list and turns it over to the repair officer. This 
form of progress report, if it is conscientiously made, can 
be of great value to the repair officer in estimating the amount 
of work carried, the wisdom of assignments, and the actual 
progress being made. 

А DEPARTURE REPORT for each ship completed is prepared 
by the repair ship and contains the following entries: Work 
request number, job order number, item of repair, shops 
assigned, date completed, man-hours required, and materials 
expended. 

From this brief review of the repair procedures, you can 
see that close cooperation is the keynote. Your shop must 
coordinate its activities with those of other shops engaged in 
the repair mission. To ensure that the activity of your shop 
is coordinated with other shops in the department, you 
must prepare work and training schedules, maintain the 
pertinent records and reports, and assume the responsibility 
for the upkeep of the equipment and work areas assigned 
to your shop. 

Because of the variety of jobs which you and your crew 
will be required to perform, specific work schedules must be 
prepared to make sure that all work is completed. These 
work schedules must be flexible to adapt to changes in priori- 
ties, transfers of personnel, temporary breakdowns of equip- 
ment, unscheduled ship drills, or any other emergency that 
may come up from time to time. Speed is always essential 
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because other shops are delayed in completing their parts of | 
the repair job until your shop completes its assignment. 

Work schedules are closely interrelated with training 
schedules because on-the-job training is continuously taking 
place in the shop. Your role as an instructor has been dis- 
cussed in chapter 1 of this book and requires no further 
elaboration here. 


RECORDS AND REPORTS 


Аз you advance in rating you will be required to assume 
more and more responsibility for the paper work which is 
So necessary in a well-organized shop. In fact, to avoid bog- 
ging down completely in the mass of paper detail, you will 
probably delegate some of these duties to an assistant in the 
Shop. Keeping all your records up-to-date will enable you 
to keep a close check on each job, each workman, and each 
piece of equipment under your supervision. The ship will 
have standard forms and blanks for keeping some of the re- 
quired records and for making certain supply transactions. 
In this category are job orders, inter-shop work requests, and 
stub requisitions. You can supplement these forms with 
shop logs and notebooks of your own design to meet your 
specific needs. 

A WORK PROGRESS LOG is a record of all the current and com- 
pleted work accomplished by your shop and by each man 
assigned to the shop or working force. The system of keep- 
ing the work progress log may be one of your own design, 
but it should contain the following pertinent data: Job order 
number, date received, name of the unit requesting the work, 
brief description of the job, name of the man assigned to do 
the job, and the number of man-hours expended to complete 
the job. | 

A JOB ORDER PROGRESS SHEET is an ideal way to present 
pictorially the status of all work currently being performed 
in the shop. At some activities a progress sheet similar to 
that shown in figure 2-3 is made up at the close of each 
working day and submitted to the repair or division office. 
Uncompleted job orders are listed by number and by a brief 
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Figure 2—3.—Job order progress sheet. 


description with an indication of the percentage of work 
completed on each job. 

А MATERIAL EXPENDED RECORD is a running inventory of 
your stockpile, including such information as the date ma- 
terial was received, the jobs on which the material was ex- 
pended, and the balance on hand. If the work load permits, 
you may also include as extra refinements such data as quan- 
tities listed on the ship’s allowance, location of the spaces 
where the material is stored, and stock numbers and nomen- 
clature, in order to facilitate the preparation of stub 
requisitions. 

Àn EQUIPMENT LOG is a list of the various tools charged 
to you and their location—whether in the shop, storeroom, 
or assigned to an individual. Repair parts box locations can 
also be logged in this notebook. An equipment log kept 
up-to-date with adequate tool descriptions—make, model, 
and serial number—will be of great assistance to you in mak- 
ing periodic inventories on series 12000 equipment. 

A MAN-HOUR REPORT is Submitted daily to the head of the 
department through the division officer. Figure 2-4 shows 
a sample man-hour report. Figure 2-5 shows a sample man- 
hour ledger. Note that a summary of both productive and 
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DAILY MAN-HOUR REPORT 
snop Pounda < No. /$ — 
Date .2-/7/- 5/7 — — 
Number of Man 7... Total Man-Hours__ 6 7 —— — 
Man-Hours Expended: 
Home Ship "SNA" "ВА" 

Job Orders 0 sé 
Training 
Special Detail 
Sick Bay 
Special Liberty 
Shop Upkeep 
Miscellaneous 
Man-Hours Expended . 4 _0_ | 2*6. 

Total Man-Hours Expended SH] 


Signed & 2 Carre HNC 


ا 











Figure 2—4.—-A daily man-hour report. 


nonproductive work may be included in this report. Non- 
productive work includes training, shop upkeep, general 
drills, and special details such as field day, mess cook, com- 
partment cleaner, and master-at-arms assignments. This 
form, when submitted by all of the shops in the department, 
gives the repair officer a complete picture of the manner in 
which the working day is spent. 

Other reports which you may be required to make as a 
division senior petty officer are EIGHT O'CLock REPORTS and 
weekly HULL REPORTS. The eight o'clock report on the status 
of the division is taken every night. If the division is not 
secure, the report will then include an oral description of 
the work in progress, the number of men involved, and an 
estimate as to the time the division will be secure. You will 
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Figure 2—5.—A man-hour ledger. 


make your report either to the duty officer of your depart- 
ment, or in his absence, directiy to the duty commander. 

A weekly hull report is illustrated in figure 2—6. This 
report is made out by the division officer and is submitted 
to the engineering officer, indicating the cleanliness, state 
of preservation, and watertight integrity of each space as- 
signed to the division. Your job in regard to this report is 
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Figure 2—6.—A weekly hull report. 


to maintain a 4.0 rating across the board for your work area. 
For further information on Navy records, reports, and cor- 
respondence, refer to the General Training Course for Petty 
Officers, NavPers 10055. 


SUPPLY 


The problem of logistics, that is transporting the proper 
supplies, equipment, and personnel to the proper place in 
the required quantity and on time, is а tremendous opera- 
tion. If you try to list all the different items used daily in 
the foundry and multiply the total by all the other items 
used throughout the rest of the ship, you will begin to get 
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an idea of the complexity of the problem of supply. "There 
are more than 75,000 items listed in the General Stores Sec- 
tion of the Catalog of Navy Material. 

As & Molder, you are expected to know the immediate sup- 
ply channels in order to obtain the material you need in the 
foundry. The fact that there are supply specialists aboard 
does not relieve you of the responsibility of aiding in pro- 
curing, handling, stowing, and accounting for the materials 
used in your shop. 

Generally, there are three classes of material used by the 
repair department : Standard stock, BuShips special material, 
and BuShips repair parts. These classes are defined in the 
following paragraphs. 

STANDARD STOCK is material listed in the Catalog of Navy 
Material. As a rule, standard stock items are subjected to 
complete inventory control of BuSandA. Standard stock 
materials are the consumable supplies carried in stock for 
maintenance and operating purposes; they do not include 
nonconsumable equipment or repair parts for this equipment. 

In order to systematize the large range of materials used 
aboard ship, stocks are arbitrarily divided into classes. 
Designations have been made for 99 classes, of which the 
following are examples: class 17, electrical equipment; class 
41, hand tools; class 39, lumber; class 43, bolts, nuts, rivets, 
screws, and washers; class 45, pipe fittings, plumbing fixtures, 
valves; class 46, metals in bars, ores; class 47, metal in plates, 
sheets, and strips; class 50, foundry equipment and supplies. 
Each item bears a stock number beginning with the class 
number, which may be found in the catalog published by 
BuSandA. 

BuSHiPS SPECIAL MATERIAL is defined as machinery or 
equipment under the cognizance of BuShips and, because of 
its design or specified use, intended primarily for shipboard 
use. BuShips special material is normally an item of perma- 
nent (nonconsumable) shipboard equipment requiring in- 
stallation arrangements such as special power leads, piping 
connections, or foundations. Such material is not removed 
from storage without direct permission of BuShips, except 


in certain emergencies. Because of the nature of BuShips 
special material, it is sometimes almost impossible to draw а 
sharp line between it and repair parts. In order to clarify 
these borderline cases the /nde« of Special Material lists such 
repair parts. | 

Во$Ѕнірв REPAIR PARTS constitute the third class of mate- 
rial. This includes such items as parts, fittings, or acces- 
sories of equipment which is BuShips special material. In 
order to control these parts properly, BuShips has directed 
certain supply offices and control centers to act as its agents 
in inventory control. Instructions regarding handling are 
promulgated by these agents. 

REPAIR PARTS are essential replacement items carried by 
every ship; these include machinery, electronics, and ord- 
nance spares as specified in the ship’s allowance lists. These 
are parts frequently used by the repair ship in repair work 
for the ship carrying them, since repair ships cannot attempt 
to stock the multitudinous items required. 

Tenders, however, carry group spares for the type vessel 
tended. An example of a group spare would be a large arma- 
ture which can be used on any one of a class of destroyers 
but which could practicably be carried only on a destroyer 
tender. Tender stocks of “proprietary” material are called 
repair parts to differentiate them from the spare parts car- 
ried by an individual ship. 

There are several sources of information available to re- 
pair personnel in identifying repair parts that may be re- 
quired. The first of these sources is the ALLOWANCE LIST. 
This list shows the nomenclature and both Navy and manu- 
facturer's parts numbers. Name plates on equipment supply 
information regarding characteristics. For each item of 
machinery or equipment on board there is usually supplied 
a manufacturer's catalog and/or instruction book ; these list 
spare parts and the manufacturer's number and frequently 
contain illustrations which are of valuable assistance in 
visual identification. 

The SHIPS MACHINERY INDEX contains specific characteris- 
tics of each piece of machinery on board. If ship’s plans are 
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used for information, they should be checked against the ma- 
chinery index because they may fail to carry notations of 
changes made since the original installation. A final source 
of information is the supply officer's Stock Cards (NavSandA 
Form 484), one of which is maintained for each machinery 
spare part on board. 

Although you may be familiar with supply procedures in a 
general way, a review of the routine of processing stub req- 
uisitions will help solve some of the mysteries of supply. 
Further details may be found in BuSandA Manual, volume 
III, Supply Afloat, or the Navy Training Course, Storekeeper 
3 and 2, NavPers 10269-B. 


Procedure for Requisitioning Supplies 


The head of each department has the authority to request 
Stores for use in his department within the money value 
limitation placed on that department by operating allot- 
ments assigned by the commanding officer. The procedure 
consists of two phases: the preparation of the request for ma- 
terial, and the processing of the stub requisition. 

The chief or first class petty officer in charge of the foundry 
will prepare the request for general stores on a STUB REQUISI- 
TION (SandA Form 307). Figure 2-7 shows a completed 
Form 307. Note that only one class of material is listed on 
any one Form 807. 

In order to be sure to get exactly what you need, you must 
have the correct stock or part number and nomenclature. 
This information is obtained from th» General Stores Sec- 
tion of the Catalog of Navy Material, which lists and identi- 
fies all items of general supplies carried in standard stock for 
issue to ships and stations. The catalog also gives a short 
description of the particular item, specifications, illustrations, 
measurement equivalents, usage data, sources of supply, req- 
uisitioning procedure, stowage notes, indexing, standard 
prices, and unit of issues. Although a storekeeper from the 
supply department will locate and insert the stock numbers 
for you on the Form 307, a knowledge of how to use the fore- 
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Figure 2—7.— Stub requisition, SandA Form 307. 


word information, and the alphabetical and numerical index 
for each class, will save you much time and grief in ordering 
supplies. 

After filling in the data called for on the 307, obtain the 
signature of the head of the department or his designate, 
the division officer. Before signing the stub requisition, the 
division officer will check to see that the quantity is not ex- 
cessive and that the need is appropriate to the job order 
number shown. 

The approved request for general stores is then submitted 
to the issue desk in the supply office for processing prior to 
making the issue. The Storekeeper screens the request to 
seethat: 


(a) The material is properly identified and is not in criti- 
cal supply 

(b) The material is available in stock 
(The issue desk Storekeeper indicates the stores ac- 
count from which the issue will be made. NSA ma- 
terial (Naval Stock Account) is charged to the ship's 
allotment. APA material (Appropriations Purchase 
Account) is charged to the controlling or cognizant 
bureau.) 
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(c) The department allotment has an unexpended and 
unobligated balance sufficient to cover the cost of the 
issue 

(d) The expenditure account number is stamped on the 
stub requisition 

(e) The next number in sequence in the department's se- 
ries of requisitions is assigned and entered on the stub 
requisition 

(f) The Storekeeper makes the issue and signs the 307 
in the space marked Issued By. 


The Storekeeper posts the issues to stock tally cards on 
the same day the issue is made so that he has an up-to-date 
running inventory of the quantities of each item issued as 
well as the balance on hand. You or your designate will 
also sign the stub to show receipt of the material. Take a 
copy of the stub requisition back to the foundry and attach 
it to the appropriate job order. In this way you have a com- 
plete record of all the materials used in completing each job 
order. 

You should plan ahead and order supplies you know you 
will need and in quantities you will use. However, if more 
material has been drawn from supply than is actually used 
or can be used in а reasonable time, the excess may be re- 
turned to store, provided the items are in serviceable con- 
dition. The Form 307 is used but is marked RETURNED MA- 
TERIAL and is posted in red ink to the stock record cards. 
It is entered as & credit on the allotment record of the de- 
partment returning the material. In this way, you can cut 
down on waste and obtain greater value from your depart- 
ment's quarterly allotment. 


In-Excess Requisitions 


Consumable supplies (account 13000 series) not on the 
ship’s allowance list and not listed in the Catalog of Navy Ma- 
terial are treated as IN-EXCEss items and require the use of 
SandA Form 44, Requisition and Invoice. This form is also 
used to requisition equipage (account 13000 series) in excess 
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of quantities set forth on the ship’s allowance list. In-excess 
items are difficult to obtain because the allowance list formu- 
lated by the cognizant bureau does contain the tools and 
equipment deemed necessary to carry out the mission of the 
ship. With a few rare exceptions all items you require were 
on board when the ship was commissioned. However, when 
the exception does occur, you may use the in-excess requisition 
Form 44 to order a special piece of gear. Since in-excess 
requisitions require the signature of the commanding officer 
and a statement of need for the material, you had better get 
all the facts before initiating the request through the supply 
channels. You must justify to your division officer that the 
in-excess item is necessary to the shop and to the ship; show 
how and why the item will save time, labor, and materials; 
and have all the details at your fingertips, such as the name 
of the manufacturer, the manufacturer's catalog or part num- 
ber, the size, nomenclature, description, and cost. 

After the request is approved by the commanding officer, it 
is submitted to the responsible bureau via the type com- 
mander for final approval. Approved requisitions will be 
submitted to the nearest fleet issue supply activity, naval sup- 
ply center or depot, or service squadron. For emergency in- 
excess requisitions, when bureau approval has not been ob- 
tained, the approval of the senior officer present afloat is re- 
quired. Local or open purchases of articles costing less than 
$500 may be made by use of the spot cash purchase fund. 
The supply officer is authorized to establish a spot cash pur- 
chase fund not to exceed $2000, subject to the approval of 
the commanding officer. This is similar to a petty cash fund. 


SURVEYS 


As Molder 1 or C, you will have the responsibility of the 
actual custody and physical possession of the material and 
equipment in the foundry. You will, therefore, want to 
keep close check on all the materials charged to you. How- 
ever, losses do occur and equipment does wear out. For these 
reasons you must be familiar with the survey procedure. 
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The survey is а method of expending unusable material 
from the books. 

According to the BuSandA Manual, “a survey is the deter- 
mination of the disposition and expenditure from the stock 
records and accounts of naval material which is deteriorated, 
lost, damaged, or otherwise rendered unavailable for its in- 
tended use, under circumstances requiring administrative 
examination into the causes of the loss." А survey is more 
frequently used as a means of accounting for material which 
has become wornout through normal use. However, it is 
also regarded as а means of placing the blame for negligence 
which has resulted in lost, destroyed, or damaged goods. 
The report of survey, properly made and approved, becomes 
an authorization to expend the material from the record on 
which it is carried and an authorization to decrease the mone- 
tary value of material in store. 

Surveys are of two types: formal and informal. For 
routine matters where it appears that no disciplinary action 
is required, or where there are no peculiar circumstances 
that would require a forma] review, the commanding officer 
will direct that an informal survey be held. He will desig- 
nate as the surveying officer the head of the department 
having custody of the material to be surveyed. Custody, as 
used here, is interpreted by BuSandA as actual custody or 
physical possession of the material to be surveyed. 

The commanding officer will direct that a formal survey 
be held by а commissioned officer or by a board of three 
officers, if: 

1. It appears that responsibility for the loss or damage to 
the material may be placed on a person in the naval 
service. 

2. 'The material is short or damaged in shipment by a com- 
mercial or government carrier. 

3. The value of the material is in excess of $100. 

The following officers will Nor serve on a formal survey 


board: 


1. The commanding officer 
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2. 'The officer on whose records the material being surveyed 
is carried (theoretical custody) 

8. The officer charged with the actual custody of the ma- 
terial being surveyed. 


Steps in the Survey Procedure 


The preparation of a survey request as illustrated in figure 
2-8 consists of the following steps: | 

1. REQUEST For suRvEY.— Тһе initial request is made in 
rough by the department or division head on Survey Request, 
Report, and Expenditure (SandA Form 154). As Molder 
1 or C, you may be designated by the division officer to pre- 
pare the rough copy and therefore should be familiar with 
the procedure. The initial request must include a statement 
of the condition of the material, the cause of the loss, damage 
or deterioration of the material, the responsibility for the 
cause or condition, and a recommended disposition of the 
material and action to be taken. The rough copy of Form 
154 is routed to the supply officer, who will prepare the re- 
quired number of smooth copies and forward them to the 
commanding officer for action. 

2. ACTION BY THE COMMANDING OFFICER ОМ THE REQUEST 
FOR SURVEY.—The CO will determine whether a formal or 
informal survey shall be made and will designate the survey- 
ing officer or officers. In either case a report of the findings 
must be made. 

3. PREPARATION OF THE SURVEY REPORT.—The surveying 
officer, board, or head of the department will make a complete 
inspection of the material and investigation of the circum- 
stances, in order to determine the condition, уаш, responsi- 
bility, and recommendations. 

4. ACTION ON THE SURVEY REPORT BY THE REVIEWING OFFICER 
(normally the CO).—When the reviewing officer does not 
approve of the action of the surveying officer or board, he will 
direct that another survey be held on the material. If the 
survey report is approved, the material is expended from 
the books. | 
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Figure 2—8.— Steps in the survey procedure. 


5. EXPENDITURE OF THE MATERIAL FROM THE RECORDS.— Èx- 
penditure of the material from the records after the survey 
report is approved by the reviewing officer. 


STORAGE AND INVENTORY 


Because of the great variety of items that you will have 
occasion to draw from supply for use in the foundry, you 
should be familiar with the various kinds of storerooms 
found aboard ship. The lack of space and the nature of the 
material make it impossible to store all GSM in the main issue 
room. "There are several types of storerooms for GSM : Issue, 
bulk, and special storerooms. The main issue room, usually 
the most readily available of all GSM, spaces, is the main 
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distribution point for most general stores. Bulk storerooms 
consist of odd spaces of irregular shapes and sizes scattered 
throughout the ship. Special storerooms are adapted to the 
storage of material requiring special handling such as paint 
and grease, sheet metal and pipe, lumber racks, special type 
clothing, and alcohol. 

The supply department has the theoretical custody and is 
responsible for the procurement, issue, and accounting for the 
material; whereas the department having physical possession 
or actual custody is responsible for the care and stowage of 
the material. Lumber, for instance, might be stored in the 
actual custody of the first lieutenant, but theoretical custody 
is retained by the supply department. A CUSTODY RECEIPT 
(SandA Form 305a) is used to pin down responsibility and 
to serve as а record of the location and custody of the 
material. 

Within the foundry itself, the Molder will usually main- 
tain an adequate supply of the items most frequently used. 
For some items a 30-day supply is adequate; for others, a 
90-day supply is necessary. Chasing over to the main issue 
room with a 807 every time you need a foundry nail or a core 
rod reduces the man-hours available for work and shows poor 
planning and organization. The solution is to plan in ad- 
vance, and the need for planning cannot be overemphasized. 

Estimating the amount of time and material required to 
complete a job is your responsibility. Unless you are able 
to estimate with accuracy, the amount and kind of materials 
required by your shop, you will either be caught short with- 
out the items you need when you need them, or you will find 
your shop cluttered up with items you do not need. A high 
inventory level of slow moving material ties up funds and 
space that might otherwise be used to better advantage. Re- 
member that running a shop is like running a business. You 
must operate within the quarterly allotment ; you do not have 
money to burn. Much of the guesswork in estimating can be 
eliminated if you make proper use of your records of material 
expended during the previous quarter. Include the amount 
of material required for any special work which you know is 
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to be done during the period for which you are estimating. 
Plan and place your orders for material in advance with the 
supply officer through the division officer or department head. 
Do not bypass any of the normal supply channels. 

Inventory levels for most materials are maintained by the 
supply department. Aboard some repair ships or tenders, 
the Molder will assist the supply officer in maintaining the 
inventory on foundry supplies. Usually a maximum or 
three months supply will be kept on hand. The dangerously 
low limit is set at approximately а 30-day supply. Before 
the low limit is reached, usually on a monthly basis, re-order 
material to replenish stock and to maintain the high limit 
supply. In re-ordering, take into consideration the rate of 
use, the balance on hand, and the expected delay in shipment 
and delivery. 

There is no mystery about estimating. Chapter 10 of 
Molder 3 and 2 fully covers the method of estimating metal 
required for a casting. Beyond this, it is well to remember 
what HAs happened is your best guide in estimating what 
WILL happen. Thus, your own experience will be your best 
helper. Knowledge of the time, labor, and materials re- 
quired for past jobs, plus practice at making estimates, will 
make the problem less difficult. But don't rely completely 
on intuition and memory. Use your records to guide and 
back up your estimates. 


Stowing Supplies 


Knowing how and when to order supplies is only part of 
the job. You must also know how to take care of those on 
hand. The three most important words in stowage of your 
supplies are SAFETY, PRESERVATION, and CONVENIENCE. Most 
of your stowage problems are a matter of common sense. 
Obviously, metal should not be stowed in such a way that in 
a heavy sea it might fall and land on somebody's foot—or 
head. Keep new metal in low bins, appropriately labeled. 
Separate scrap metal, and keep it in the same way. (Details 
on separation of scrap metal appear in Molder 3 & 2, chap- 
ter 10.) Carefully label your fluxes, binders, washes, pastes, 
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plumbago, and so on. Carefully and prominently mark 
whatever may be poisonous or corrosive. Follow the manu- 
facturer's directions for stowing and preserving, whenever 
they are available. "This is especially important when stow- 
ing repair parts for your furnaces or machinery. Stack 
flasks with care, making sure they won't fall over. For that 
matter, secure everything carefully against damage or in- 
jury to personnel in case of rough weather. Make sure every- 
one knows where everything is and what it is used for; and 
insist that everything always be returned to its proper place. 
Keep passageways and work space clear; but keep constantly 
used materials as handy as possible. 

Another of your duties regarding supplies is to conserve 
them. Much can be done. Burned-out sand can be renewed 
with bentonite. Scrap metals, if you know their approxi- 
mate content, can be saved and used again. Correct opera- 
tion of furnaces saves linings, and hence conserves your 
supply of refractories. Electricity is another conservable 
“supply.” Make sure your men run machines only when 
necessary. Use furnaces for under-capacity heats only when 
absolutely essential. Often, you can accumulate small, rou- 
tine job-orders, with similar metal specifications, for several 
days until you have enough for a full heat. Many other 
opportunities for conservation will occur to an alert super- 
visor. The temptation to waste is great. Never yield to it. 

Still another of your supply duties is to know how and 
when to substitute. The Navy is famous for its ability to 
improvise, and your foundry should be no exception. Most 
of the time, with proper ordering, you will have what you 
need when you need it. But there may be emergencies, es- 
pecially in wartime, when you can't get exactly what's re- 
quired. Fortunately, many foundry needs can be met by 
several different materials. Steel requires synthetic sand, 
but molds for any other metal can be made of either kind of 
sand, natural-bonded or synthetic. Reclaimed backing sand, 
properly bonded, can be used for facing sand. In an emer- 
gency, some fine building sands may be tried in molds, and 
even some beach or dune sands, if relatively free from shell 
fragments and feldspar. 
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Cores can often be left hollow, or filled with cinders, coke, 
or gravel. Corn flour may be replaced as a binder by ordi- 
nary wheat flour from the galley. Sugar or molasses may 
take the place of dextrine. Chaplets, facing nails, chills, and 
other metal objects can be molded or fabricated.  Flasks, 
of course, can be made of wood. 

Regarding metals, specifications should not be altered 
without proper authority. But in an emergency, you, your 
division, or your repair officer, and the officer ordering the 
casting may be able to make adjustments. No definite rule 
can be laid down. For some castings, particularly pressure 
castings and those which must undergo great strain in use, 
requirements are likely to be rigid, and changes almost out 
of the question. For many other castings, slight changes in 
composition will make little difference, and the repair officer 
may allow you to make your own decisions. 


SUMMARY 


A. thorough understanding of the repair procedure will 
give you а clearer picture as to where the foundry fits into 
the scheme of the total repair mission. Prior to the assign- 
ment of a period of availability, the type commander or his 
designate screens the work requests and forwards them to 
the repair ship assigned to do the work. Jobs are specifically 
defined апа priorities are settled at the arrival conference. 
Work requests which are accepted are assigned a job order 
number and are logged in а work outstanding file main- 
tained in the repair office. If several shops are involved in 
the repair job, inter-shop work requests are prepared giving 
all the pertinent data and referencing the basic job order. 
Inspection of the work and the record of progress on the 
various Jobs must be closely followed by the personnel of the 
repair department in responsible positions. 

Coordinate the activities of the foundry with those of other 
shops engaged in the repair mission. Prepare work and 
training schedules, maintain the pertinent records and re- 
ports, obtain the necessary materials through the supply 
channels, and assume the responsibility for the upkeep of 
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the equipment and work areas assigned to your shop. Work 
and training schedules must be flexible to allow for changes 
in priorities of various jobs, transfers of personnel, tem- 
porary breakdowns of equipment, unscheduled ship drills, 
or any other emergency that may arise. 

As you advance in rating, you will be required to assume 
more and more responsibility for the paper work which is 
so necessary in а well-organized shop. The paper work will 
include the upkeep of files of job orders, inter-shop work 
requests, Form 807% (materials expended record), а work 
progress log, and an equipment log. It also includes the prep- 
aration and submission of daily man-hours expended report, 
weekly hull reports, and progress reports. 

You must also have a thorough knowledge of supply pro- 
cedures, including the use of the Catalog of Navy Materials, 
allowance lists, the procedure for requisitioning supplies, the 
processing of in-excess requisitions, the survey procedure, the 
maintenance of inventory control, and storage of materials. 


46 


10. 


11. 


12. 
13. 
14. 


15. 


16. 


QUIZ 


. Define availability period. 
. What is the difference between a restricted and a technical avail- 


ability? 


. List three ways in which progress reports are of value to the repair 


officer. 


. Where do you find the answers to the “what, where, and when," of 


your shipboard duties? 


. Give four examples of special detail assignments that are con- 


sidered nonproductive work on a daily man-hours report of the 
foundry. 


. List three important inspection items included in the weekly hull 


report. 


. Name two references that may be consulted for the details of the 


procedure for processing stub requisitions aboard a repair ship. 


. What is the new designation for GSK material? 
. What is the basis for the grouping of the 99 classes of the General 


Stores Section of the Catalog of Navy Materíals? 


On the basis of accounting procedures, distinguish between NSA 
and APA materials. 


What are the new expenditure account numbers which have super- 
seded titles A, B, and C materials? 


What form is used for in-excess requisitions? 

Define survey as used in supply procedures. 

Under what three conditions will the commanding officer direct 
that a formal survey be held? 

List four important items of information that must be included 
in the initial Survey Request, Report, and Expenditure Form 
154. 

List three factors that you must take into consideration in re- 
ordering materials. 
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СНАРТЕК 





SHOP MAINTENANCE 
A STITCH IN TIME 


Having the essential tools and knowing how to use them 
are keys to production. But just as important is the condi- 
tion in which equipment is maintained. Now, by mainte- 
nance, we don't mean the mark assigned on Captain's In- 
spection ; we mean something more than surface appearance. 
A coat of paint, for example may make the outside of your 
equipment look good to an inspecting party, but it won't 
make pyrometers, muller wheels, flask pins, pneumatic ram- 
mers, gasoline torches, or power grinders work the way they 
should. True, a good looking shop is an indication of good 
upkeep, but looks are only skin deep. Don’t let the oft- 
heard phrase “work it won't, but shine it must” apply to 
your equipment, 

Maintenance is an ongoing day-to-day process. It means 
doing a lot of little things to keep your equipment at peak 
efficiency. Some of the little things involve cleaning, ad- 
justing, and lubricating; others are related to proper usage. 
Sometimes it involves the replacement of worn parts. In a 
well organized shop, much of that which comes under the 
heading of shop maintenance is routinized ; that is, lubrica- 
tion follows a schedule, equipment adjustment is checked 
and if necessary corrected before use; furnace linings are 
inspected before, during, and after each heat; and patching 
18 done when circumstances require. Through routinized 
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procedures, in which every man in the shop participates, 
minor maladjustments are corrected before they have a 
chance to grow into conditions requiring major repairs. А 
little care today, “а stitch in time," avoids tomorrow's equip- 
ment casualty. 


Shop Maintenance and Supervision 


Although the work involved in routine maintenance is 
usually done by strikers and lower rated men, the responsi- 
bility for training these men is that of the Chief or First 
Class Molder in charge of the shop. The procedures set up 
will be as effective as the supervision and leadership given 
to the men who do the work. Unless they understand the 
importance of thorough lubrication, accurate adjustment, 
and proper use, and carry out the procedures you specify, 
your maintenance program will have little value. . If, as a 
foundry supervisor, you make maintenance a habit with your 
men, you'll not only minimize breakdowns, but also the final 
product, the casting, will consistently be of higher quality. 

It is not our purpose here to describe the multitude of 
tasks included in shop maintenance. For the most part, you 
are already familiar with the equipment available in Navy 
foundries; you have operated, lubricated, and perhaps as- 
sisted in their repair. It is important, however, to know 
that the manufacturer furnished а manual with each piece 
of equipment installed in your foundry. These manuals 
contain details for installing, operating, cleaning, lubricat- 
ing, and adjusting the machine tool in question. In addi- 
tion each manual] contains а spare parts list, an assembly 
drawing showing the location of parts, a wiring diagram, 
maintenance instructions and frequently a list of pertinent 
safety precautions. Prolong the life of your tools by fol- 
lowing the manufacturer's instructions and be sure that tools 
are never used in excess of their designed capacity. 


А Program for Shop Maintenance 


What can you do to ensure that the equipment in your shop 
receives the care that it deserves? Establish a maintenance 
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program. Then see to it that the program is carried out. 
Now, since no two foundries are arranged in exactly the same 
way or, for that matter, equipped with identical machine 
tools, the maintenance program must be designed locally 
to meet local needs. A broad outline, to which the needs of a 
particular shop can be adapted is presented in the Bureau of 
Ships Manual (Chapter 91, “Workshop Equipment on 
Ships”). This outline provides the framework for your 
equipment maintenance program. 

The maintenance program should embody these major 
areas: operation, inspection, lubrication, and cleaning. At 
first glance, the relation between OPERATION and MAINTE- 
NANCE may not be too obvious. But if you consider what can 
result from improper use, it becomes apparent that if the 
machine is to give a long period of useful service, proper 
operation is mandatory. Your first responsibility here, is to 
train your men in equipment operational procedures. Then 
reinforce the training by posting step by step operating in- 
struction on or adjacent to the equipment. 

INSPECTION has two aspects: first, that which is done im- 
mediately before the machine is turned on each day; and sec- 
ond, that which is done according to a regular schedule. Be- 
fore applying power to a machine, be sure that it is ready 
for starting ; that is, release blocking and locking devices, de- 
termine that all moving parts are free to move and are proper- 
ly adjusted, check all mechanical fasteners and hold-down 
bolts, and be sure that cooling system valves are in the open 
or closed position as required by the operating instructions. 
Equipment that is used infrequently should be inspected and 
operated in a similar fashion at least once each week. In 
either case, once it has been determined that the machine is 
ready for operation and energy has been applied, observe the 
machine’s response; look for vibration and listen for unusual 
sounds. Clicking, grinding, or scraping noises should be 
critically investigated to determine and eliminate the cause. 

CLEANING is a daily process, but it is especially accented 
on the weekly “field day.” All exposed surfaces should be 
wiped with a clean rag, removing any indications of rust. 
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When cleaning around the control panels of electrically 
operated gear, soap and water must be used with caution. 
The best practice is to use a clean dry cloth or one dampened 
with carbon tetrachloride. Since carbon tetrachloride is a 
highly toxic solvent, this and similar chlorinated hydro- 
carbon cleaning compounds must be used carefully. The 
shop must be well ventilated to avoid the inhalation of fumes 
and impermeable gloves (a polyvinyl alcohol type) must be 
worn to avoid contact with the skin. (See BuMed Instruc- 
tion 6200.5 dated 17 July 1953 for further information on 
the possible effects stemming from the improper use of 
chlorinated hydrocarbons.) In most instances, however, 
grease spots and finger prints may be removed from the panel 
faces of de-energized equipment with а damp soapy cloth. 

LUBRICATION is a daily requirement for some equipment; 
others need oiling and greasing at less frequent intervals. 
Your guide here is the manufacturer's maintenance manual. 
A word of caution is needed at this point. The maintenance 
of all motors, generators, transformers, switchboards, and 
control panels is the responsibility of the electrician. Lub- 
ricating, adjusting, cleaning, and repairing electrical equip- 
ment throughout the ship may be performed only by a 
qualified man designated by the electrical officer. This man 
will be around at regular intervals to inspect and service all 
of the electrical equipment in the foundry. 

Insofar as electrical equipment is concerned, you have the 
following responsibilities: (1) proper equipment operation; 
(2) condition of areas around electrical gear; and (3) knowl- 
edge that the electrician responsible for your electrical 
equipment has made his maintenance inspections. Above 
all, do not permit your men to grease or lubricate motors or 
generators, or to clean and adjust switchboards and control 
panels. If an electrician hasn't been around to service 
electrical equipment on a schedule as outlined in chapter 60 
of the Bureau of Ships Manual (paragraph 60—824), check 
with the Chief Electrician's Mate to find out why. 

As implied in a previous paragraph, the details necessary 
for setting up a shop maintenance program are obtained from 
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manufacturers! manuals. In setting up your maintenance 
program, your first step is to study the equipment and the 
manuals furnished with them. On the basis of this study 
prepare a chart or log listing the equipment and indicating 
the data that applies to the frequency of lubrication, the 
adjustments required, and the mode of cleaning. Then have 
your men familiarize themselves with the information you 
have compiled and the program outlined. 

Still another technique of use to the shop supervisor and 
his equipment maintenance program is а material history 
of shop equipment. A material history is a chronological 
record describing the events in the service life of a given 
machine. The entries are made on a file card and include 
such items as the following: (1) results of all tests and meas- 
urements; (2) difficulties or troubles encountered; (3) 
methods used to repair or restore the equipment to service; 
(4) dates when grease or oil was changed ; and (5) any other 
information that may be of value to а complete understand- 
ing of the machine's history. All such data should be 
entered opposite the date on which an incident occurred. If 
there is a complete history on a particular machine, any 
interested person can get a picture of what has been done to 
remedy troubles that may have arisen in the past as well as 
the care it has received. 


MAINTENANCE OF FURNACE LININGS 


Many kinds of equipment, materials, and techniques are 
involved in the production of a casting. All are important, 
but few are more important than your melting equipment. 
It is quite likely that you will expend more maintenance 
hours patching or relining furnaces than all other main- 
tenance time added together. This is understandable 
though. Furnace linings are subjected to high in-service 
temperatures and severe stresses during the melting opera- 
tion. In fact, the wear and tear is so great that furnace 
linings require almost constant attention. 

Lining life, in terms of days or weeks, is not only related 
to the frequency and kind of heats run, it is also related to 


the care exercised by the furnace operating crew. Good 
melting practices which include charging, working the heat, 
fluxing, and tapping the heat at the proper time, contribute 
to lining life. Just as important, though, is the post-melt- 
ing care that the furnace receives. Completely draining all 
metal from the furnace, removing all slag from the lining 
surface and hearth, allowing the furnace to cool to room 
temperature slowly at the end of the day's work, and patch- 
ing broken or worn spots as they appear, also contribute to 
increased lining life. А lining kept hot continuously will 
outlast by far one which is permitted to cool and heat al- 
ternately. Thus, lining life can be substantially increased 
if all heats for the day are made without permitting the 
furnace to cool until the day's melting is complete. Factors 
further influencing the life of a lining as well as its suit- 
ability for use are (1) the materials used to make the lining, 
and (2) the manner in which the lining is installed. We will 
consider these factors in the subsections which follow. 


Refractories: Function and Properties 


Since furnace linings play such an important part in foun- 
dry work it may be profitable to consider briefly the general 
characteristics of refractory materials, the several kinds of 
refractories used by the Navy foundryman, and, in passing, 
define the terms commonly used to specify refractories and 
to describe their behavior in furnace linings. 

The function of a refractory lining, whether it is in a foun- 
dry furnace or a modern naval boiler, is to protect the metal 
casing and to retain the heat produced, with a minimum of 
heat loss. To perform this function satisfactorily, а refrac- 
tory material must have certain characteristics: minimum 
and uniform dimensional changes with temperature changes; 
resistance to thermal and mechanical shock (shock arising 
from heating or cooling, and shock due to jarring or bump- 
ing) ; and resistance to such thermal effects as spalling, slag- 
ging, and fusion. Additional characteristics of lining ma- 
terials are density, porosity, modulus of rupture, thermal 
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conductivity, load resistance, and resistance to abrasion and 
erosion. 

SPALLING is the in-service cracking, crumbling, or break- 
ing of a refractory material due either to thermal or mechan- 
ical causes in which parts of the lining separate or fall away 
from the main body and thus expose new surfaces. It is usu- 
ally expressed as the percent loss in weight of material after 
having been exposed to standard conditions at a given tem- 
perature. In a standard test, a good fire clay brick has a 
maximum weight loss of 5 percent due to spalling. 

SLAGGING is the formation of a liquid at a high tempera- 
ture. It is the result of a chemical reaction between the re- 
fractory material and external fluxing substances. A refrac- 
tory’s resistance to slagging depends on its chemical 
composition, density, porosity, the in-service temperature, 
and the chemical composition of external substances; 1. e., 
the metal being melted, the fluxes used, and, in the case of 
nonelectric units, the combustible fuel. For one set of ex- 
ternal conditions, a particular refractory may have excellent 
resistance to slagging; for another, it may slag excessively. 

Fusion refers to a change of state (from solid to liquid) 
that occurs in a substance when heat is applied. This change 
of state, however, does not occur at any particular tempera- 
ture in a refractory. Rather, the material progressively 
softens over a wide temperature range until it becomes fluid 
enough to flow under its own weight. An index to the re- 
fractoriness of a material, the pyrometric cone equivalent 
(PCE), is based on the fusion or flow point of a material. 
A particular refractory’s PCE is the number of that stand- 
ard pyrometric cone which flows at approximately the same 
temperature as the material in question. 

In the determination of a material’s PCE, the material is 
first ground to a fineness of 60-mesh and then formed into a 
cone of standard size. Next, this sample, together with a 
series of standard pyrometric cones, is subjected to heat un- 
der a definite time and temperature schedule. When the 
oven temperature is sufficiently high, the specimen softens, 
its tip bends over, touching the supporting plaque. At the 
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same time, one of the standard pyrometric cones usually re- 
acts in the same way. The number of the standard cone 
whose tip touches the plaque simultaneously with the test 
specimen is the PCE of the refractory under test. Pyromet- 
ric cone equivalent numbers range from less than 1 (1. e., 022, 
021, down to 01) up to 38. The larger the number, the more 
refractory the material. With few exceptions, refractory 
materials are specified by their PCE. 

The strength properties of refractories are usually de- 
scribed by their modulus of rupture and load bearing 
resistance. 

MODULUS oF RUPTURE refers to a refractory material’s abil- 
ity to resist a transverse or crosswise force. This character- 
istic is determined by measuring in pounds per square inch 
the transverse load required to cause failure in a specimen 
when tested under standard conditions. 

The LOAD BEARING RESISTANCE or compressive strength of a 
refractory, on the other hand, is its ability to resist deforma- 
tion when subjected to a compressive load under specified 
conditions of time and temperature. Although modulus of 
rupture and load bearing resistance are terms commonly 
applied in industry to describe a refractory’s strength, the 
Navy uses modulus of rupture more frequently. 

The pENsrTY of a material is an index to the concentration 
of matter in a unit volume. It is expressed in pounds per 
square inch or in grams per cubic centimeter. As indicated 
earlier, density is one of the factors that contribute to a re- 
fractory’s resistance to spalling. Another factor related to 
spalling is POROSITY, or the ratio of the volume of void space 
to the total volume of the substance. 

THERMAL CONDUCTIVITY refers to the quantity of heat en- 
ergy, in British thermal units (Btu), transmitted through 
a standard test specimen of the refractory material. (One 
Btu is the quantity of heat required to raise the temperature 
of 1 pound of fresh water 1? F when the water is at maxi- 
mum density.) To determine thermal conductivity a square 
foot of refractory material 1-inch thick is made up and sub- 
jected to heat under standard conditions. The quantity of 
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heat in Btu's that flows through the specimen per hour per 
degree Fahrenheit difference in temperature between the 
faces of the specimen is the thermal conductivity of the re- 
fractory tested. 

In common with practically all materials, refractories 
respond to temperature fluctuations by a change in volume 
and linear dimensions. This change, when it is not of a per- 
manent nature, is known as THERMAL EXPANSION. It is ex- 
pressed as the coefficient of linear expansion or the amount 
of expansion per degree temperature change per unit length. 
Behavior of this kind is at à minimum in a satisfactory 
refractory. 

But more important than thermal expansion is the PER- 
MANENT VOLUME CHANGE exhibited by a refractory after hav- 
ing been subjected to а high temperature. Dimensional 
changes which occur in thermal expansion are temporary in 
that the material returns to its original size when the tem- 
perature is decreased. Permanent volume change, as the 
term implies, is the percent change in size (plus or minus) 
of the material after having been heated to a specified tem- 
perature. The maximum permissible change in volume for 
plastic fire clay is —2 percent at 2500? F. For a grade A, 
high alumina brick, the permissible permanent volume 
change when heated to 2919? F is from +3 to —1 percent. 

Two other characteristics of a satisfactory refractory are 
resistance to abrasion and erosion. ABRASION is the wearing 
away of the surface by the action of moving solids. EROSION 
is the wearing away of the refractory surface by the wash- 
ing action of moving molten metals and slags. 

The extent to which а refractory must possess particular 
characteristics depends on the in-service conditions to be 
met. Since operating conditions are so varied, many kinds 
of refractories are on the market. For the most part, though, 
refractory materials may be classified into three major 
groups on the basis of their chemical reaction when subjected 
to high temperature. These groups are acid, basic, and neu- 
tral refractories. 
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Aci refractories contain an appreciable amount of free or 
uncombined silica, which is the chemical name for ordinary 
sand. . The most strongly acid of the various refractories is 
silica brick which is composed almost entirely of free silica. 
To the extent that their silica content is lower, fire clay re- 
fractories are less acid than silica brick. In fire clay refrac- 
tories, the silica content ranges from about 70 percent in 
some grades down to 60 percent in others. Since the silica 
content of high-alumina bricks range between 15 and 40 per- 
cent in the several grades, they are still less acid than the 
Navy's super- or high-heat duty fire clay refractories. In 
addition to the high-alumina and fire clay brick, such mate- 
rials as plastic fire clay, baffle mix, air- and heat-setting mor- 
tars, and silicon-carbide materials are also classed as acid 
refractories. 

Refractories that react chemically as Bases (alkalies) 
when subjected to high temperatures contain lime, magnesia, 
or forsterite in considerable quantity. The silica content is 
very low. The principal material in this class is magnesite 
(magnesium oxide). It is used principally as a lining ma- 
terial in furnaces producing steel by the basic process. 

Neutra. refractories are those that are not appreciably 
affected by either basic or acidic substances at high tempera- 
tures. Materials in this class are plastic chrome ore, 
zirconium, Mullite, graphite, and straight alumina. The ap- 
proximate chemical composition of chrome refractories and 
typical examples from the other major classes are given in 
table 1. 


Refractories: Kinds and Uses 


When you look through class 32 and class 50 of the Gen- 
eral Stores Section of the Catalog of Navy Material, you'll 
notice that lining materials may also be classified as pre- 
formed shapes and bulk refractories. Most of the preformed 
standard shapes listed as standard stock items are intended 
for use in boiler work, but in many instances, these shapes 
may also be used to reline furnaces. In other cases, though, 
such shapes as the zircon end disk or port sleeve for an elec- 


tric rocking resistance furnace may have to be ordered 
through open purchase from the furnace manufacturer. 
However, by using а high-temperature hydraulic-setting re- 
fractory and casting it in а wood or metal form, it is possible 
to make any kind of required shape. Figure 3-1 illustrates 
& few of the more common standard firebrick shapes, and 


STRAIGHT [ SPLIT BRICK 
Е FEATHEREDGE Í WEDGE 


( CIRCLE BRICK BUNG ARCH 
ARCH T] 


CUPOLA BLOCK 
Figure 3—1.— Typical standard refractory shapes. 
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Figure 3—2.—Making a special shape with hydraulic-setting cement. 
figure 3-2 demonstrates how a special shape may be produced 
through the use of a hydraulic-setting refractory cement. 

There are several series or sizes of standard brick of the 
various shapes. When gathering or requisitioning material 
for a relining job, you’ll have to be sure that you have the 
right sizes of the right shapes as well as the right kinds 
of material. The dimensional variation of arch bricks 
will serve as an example. A number 1 arch brick is 


9 X414’ X 91," X914" at A, B, C, and D respectively; the 
D dimension of a number 2 arch brick is 134” while that of 
a number 3 is 1". If you were to obtain the wrong series, 
the arch or cylinder you were attempting to install would 
not come out correctly. How do you,know how many of 
what kind of brick to order? Here again the manufacturer's 
instruction book provides the answer. The list of material 
on the lining assembly drawing gives the details of kind, 
type, size, and the number of refractory brick needed to re- 
line а particular furnace. 

The foundry refractory materials coming under the head- 
ing of PREFORMED SHAPES are grade A high-alumina, grade B 
super duty, and grade C high-heat duty fire clay brick. In 
addition, there are standard silica, silicon-carbide, and mag- 
nesite shapes. The Navy's high-alumina fire clay brick con- 
tain between 57.5 and 62.5 percent alumina (aluminum oxide) 
which is а very refractory compound. Shapes made from 
this material have à PCE of 35, a maximum spalling loss of 
5 percent, and а minimum modulus of rupture of 500 psi. 
Although they are intended primarily for use in naval boilers 
they may be used in foundry furnaces where a mild acid to 
neutral lining reaction is required. High-alumina refrac- 
tories are frequently used in electric and oil-fired crucible 
furnaces intended for melting brasses and bronzes. Other 
fire clay brick is used in cupolas, ladles, and various parts of 
brass and steel furnaces. 

Standard silica shapes are made from ground quartzite 
or ganister and a binder. Their minimum silica content is 
95 percent. These highly acid reacting shapes are used pri- 
marily for the bottom and side walls of furnaces in which 
steel is produced by the acid process. The pyrometric cone 
equivalent of this Navy material is not less than 31. 

Magnesite shapes are composed of 75 percent dead-burned 
magnesite and a binder. The principal constituent of this 
basic reacting refractory is а hard, dense, granular material 
obtained by calcining (to reduce to a powder by the action 
of heat) magnesite rock at а high temperature. Magnesite 
shapes have а high PCE, 38, and à minimum compressive 
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strength of 4,000 psi. They are used to line basic steel 
furnaces. 

Silicon-carbide standard shapes are used as door brick in 
some electric resistor furnaces and as bottom brick in some 
oil-fired furnaces but have few applications elsewhere in the 
foundry. However, as special shapes, silicon-carbide forms 
the inner lining of many oil-fired nonferrous foundry fur- 
naces. It is also the material from which many pedestal 
blocks, crucibles, crucible covers, and furnace covers are 
made. Silicon-carbide has a PCE of 37, but in comparison 
with other refractories, it has relatively high thermal con- 
ductivity which means a longer heating time to attain а 
specified furnace temperature as well as greater heat loss 
through the side walls. As a general rule, though, silicon- 
carbide linings require less patching than those made from 
other materials. 

BULK REFRACTORIES may be considered as a second group 
of refractory materials. This group includes plastic fire 
clay, plastic chrome ore, alumina silicate, dead-burned mag- 
nesite, dead-burned dolomite, air- and heat-setting mortars, 
and hydraulic-setting castable refractories. These materials 
are shipped either in resealable metal drums or in 50- to 100- 
pound bags depending upon whether they are wet or dry 
type materials. Plastic and wet type bulk materials are those 
which are ready to use upon removal from the drum. Nor- 
mally, water or other ingredients do not have to be added. 
With dry type materials, however, water in the quantity 
recommended by the manufacturer must be added before the 
material is used. 

Another pair of.terms, air- and heat-setting, is used to de- 
scribe bulk refractory material. By air-set we mean that 
quality inherent in the material which enables it to harden 
and develop strength at ordinary room temperatures. A 
heat-setting material, on the other hand, is one that hardens 
as a result of vitrification; that is, with the application of 
heat some of the material’s constituents fuse and change to 
a glass-like substance. 
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Not only do these bulk materials differ in chemical com- 
position and type (wet or dry, air- or heat-setting), they 
also differ in grain size depending upon the use for which 
the refractory is intended. Castables have very fine grains 
and when mixed with the proper amount of water have a 
thick cream-like consistency which facilitates pouring. Ma- 
terial mixed to this consistency is known as а выр. The 
term SLIP, is also applied to the material in which a brick 
is dipped before laying up and to the wash applied to a 
boiler wal! ог а furnace lining . 

The grain size of .caveriais used in troweiing is alsoit a 
fine as thai of a castable, but that. of materials intended for 
ramming is coarse (about 6-mesh). Troweling materials are 
mixed with water to a consistency of a thick mud; plastic for 
ramming is mixed to that of a stiff mud. 

Plastic fire clay is similar in composition to regular super- 
duty fire clay brick, but the élay bonding material is in a 
green condition. It is a heat-setting material having a PCE 
of 3215, а modulus of rupture of 300 psi after having been 
heated to 2550? F, and a spalling loss of 5 percent. This 
material is used to ram monolithic linings as well as a “first 
aid" for repairing spalled areas. Plastic fire clay is shipped 
in resealable metal drums. To prevent drying out, only the 
amount of material that will be used in a short time should 
be removed from the drum; that which remains in the drum 
should be covered with damp burlap before the drum is 
resealed. | 

Plastic chrome ore, like plastic fire clay, is а heat-setting 
material consisting of a mixture of plastic chrome, air-setting - 
binder, bonding material, and water. It is а neutral reacting 
refractory and resists extreme conditions and excessive tem- 
peratures. Up to the present it has not been used for foundry 
applications in the Navy since other refractories adequately 
meet the in-service conditions encountered. 

Alumina silicates are available under a variety of trade 
names—Shamva SM-65, Silimanite, Mullite. Basically, 
they consist of a high percentage of alumina combined with 
silica. They are supplied as either wet or dry heat-setting 


refractories, having a maximum service temperature of 3,100? 
F. Plastic Shamva SM-65 is used for repairing foundry 
ladles. | 

A dry heat-setting high-alumina refractory material 
known as Norton RA-162 is used for lining electric induction 
furnaces. Here, the aluminia content is 86 percent ; the silica 
only 10 percent. These high alumina refractories are neutral 
to slightly acid at high temperatures. 

Dead-burned magnesite is a dry heat-setting material pri- 
marily used to repair the linings of basic electric steel fur- 
naces. А satisfactory material here is Harbison-Walker's 
Magnamix. This refractory consists of small white spheroid 
lumps ranging in size from 5%’’ diameter down to very fine 
grains, and contains 80 percent magnesia. This material 
sinters readily, forming а homogeneous mass having high 
resistance to disintegration. | 

Dead-burned dolomite is а heat-setting dry refractory 
used to repair the working layer of the hearth of basic steel 
furnaces. The principal constituents of this basic reacting 
material are calcium oxide or lime (СаО) and magnesia. А 
common commercial product is Basic Refractories’ Magne- 
fer Tarsealed which has a maximum service temperature of 
3400? F. 

High-temperature hydraulic-setting castable refractory is 
а mixture of heat-resistant clays or other alumina silicates 
and a hydraulic bond material. It acquires considerable 
strength after an air-set of 24 hours without being fired. 
Maximum strength is obtained by firing at 2552° F. Al- 
though the Navy intends this material for use primarily in 
boiler repairs in ships being inactivated, it is also used in 
the foundry to produce poured monolithic linings and spe- 
cial refractory shapes. Castable refractory has a PCE of 
3214, a modulus of rupture of 300 psi, and a spalling loss less 
than 5 percent. Its permanent linear shrinkage is less than 
1% percent. Satisfactory commercial castable refractories 
are Furnas-crete and Firecrete. The material is received 
ав a dry mix. After the addition of the proper amount of 
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water, it is handled in much the same way as ordinary 
concrete, 

In addition to the foregoing bulk refractories, air- and 
heat-setting mortars consisting of firebrick type fire clays 
are available for lining and/or patching foundry furnaces 
and cupolas. When mixed with water, they may be easily 
spread with a trowel or used as a dip for laying brick. А 
somewhat similar material made of silica and siliceous fire 
clay is used for laying silica brick. 

Occasionally such materials as asbestos lumber, dry clay, 
and insulating grog (a nonplastic material) are used in con- 
junction with other refractories as а fill between the metal 
furnace shell and an inner lining. The clay is also used as 
a wash on the inner surface of the completed lining. 


Refractories: General Installation Notes 


Little need be done with preformed shapes before you put 
them to use. But this is not the case with bulk refractories. 
Even the theoretically ready for use plastic and wet type 
materials need some attention. Drums of very heavy mate- 
rials like the zircon cement used to patch NR-2 resistance 
furnaces should be turned end-for-end periodically, particu- 
larly when they are brought out of storage and into the 
foundry. Even drums of plastic fire clay that have been in 
Storage may not be of uniform workability throughout. 

Before à new drum of plastic refractory is used to install 
а lining or make a repair, the contents of the drum should 
be dumped on a clean surface, cut up in small lumps, and 
mixed with a shovel. It may be necessary to sprinkle the 
heap with water if the plastic is too dry. When the material 
is very hard, cut it into small pieces and place it on wet bur- 
lap spread over the deck. Then spray the plastic with water, 
cover the heap with wet burlap, and allow it to stand for 4 
or 5 hours, or until it reaches working consistency. After 
this, mix the material with a shovel. On the other hand, 
if the material is too soft when removed from the container, 
cut ii into small pieces, spread it on deck, and allow it to dry 
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out slowly until it reaches working consistency. Hard or . 


dry plastic is not workable; plastic installed when it is too 
soft will sag or slump. 

Dry bulk materials can seldom be used without prepara- 
tion. Evenincases where all ingredients have been prepared 
and mixed by the manufacturer, this preparation amounts to 
more than just adding water. For example, а dry-type 
ready-mixed compound should be prepared for use in the fol- 
lowing manner: Homogenize the dry material by mixing it 
with a shovel. This mixing assures uniformity of the sub- 
stance by redistributing any of the constituents that may 
have separated or settled during shipment or storage. Next, 
add water and mix the material again. The amount of water 
used depends upon the material and the purpose for which 
it is being prepared. If it is a castable material, 35 to 40 per- 
cent water may be added. On the other hand, if the material 
is to be rammed semidry only 3 to 4 percent water (3 to 4 pints 
per 100 pounds of dry material) may be required. In any 
event, the water should be added gradually, not all at one 
time. Gradual water additions prevent lumping. This pre- 
caution is especially applicable when the material is fine- 
grained. Thorough mixing isessential. But don’t over mix 
as it may result in excessive balling; that is, small grains 
and bonding constituents gather around and adhere to larger 
grains. 

The third step in preparing a bulk refractory material for 
use is to screen it through a No. 6 sieve. The purpose of this 
step is to break up lumps and balls that may have formed 
in the previous operation. Although screening is not too 
essential with mixtures having considerable water additions, 
it is most important for those in which the moisture content 
is around 5 percent. After screening, the material should 
be stored from 12 to 24 hours, either in а sealed metal drum 
or under moist burlap or rubber blankets. This aging im- 
proves the workability of the material. Finally, a short re- 
mixing by turning the material over several times with а 
shovel assures thorough homogenization of all constituents in 
the refractory. 
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From what has been said thus far about materials, it fol- 
lows that refractory linings may be installed by one or & 
combination of several basic procedures: laying brick, ram- 
ming plastic, and casting. As a rule brick work should be 
layed with cement or mortar having a composition similar 
to the brick itself. Since there is usually some loss of mortar 
it is difficult to state precisely the amount needed to lay a 
given job. A good rule of thumb, though, is to estimate 
one-third pound of mortar per brick. Then add about 5 
percent for dipping loss. 

The mortar should be mixed to a dipping (slip) consis- 
tency. If the consistency is correct, the right amount of 
mortar needed to make the joint will adhere to the brick 
when it is dipped into the mortar with a wiping motion. 
(See fig. 3-3.) After dipping, place the brick in the desired 
location. Rub it back and forth in position, then push it 
solidly in place. Mortar of the right consistency will easily 





Figure 3-3.—Dipping a brick. 
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squeeze from the joint, yet completely fill it. А good way to 
check the consistency of mortar is to set а brick in place, then 
remove it. When this is done, mortar should be found over 
the contact area of both bricks, an equal portion remaining 
on each brick. 

In laying brick work the vertical joints must be staggered. 
Joints of insulating and refractory courses should not over- 
lap. Although malleting is recommended for the second or 
refractory course, it should be avoided on the first course. 
Insulating brick are not as dense nor is their strength as 
great as refractory brick. 

There are three types of ramming material: plastic, semi- 
dry, and dry. Plastic material (6 to 9 percent moisture) 
such as plastic firebrick is used for patching and lining 
cupolas and crucible furnaces, usually where forms are not 
required. This material should be built up layer by layer 
in а vertical direction. First, cover the firebrick with a 
loose layer of fist size lumps of plastic about 114’’ to 2”’ thick. 
"Then ram hard with a mallet or reciprocating gun having a 
rammer butt between 115'' to 2” in diameter. Pound at a 
slight downward angle toward the furnace shell. Satisfac- 
tory density is attained when the plastic *crawls" under the 
ramming tool. 

Semidry plastic containing from 3 to 4 percent moisture 
is used to install monolithic linings in oil-fired crucible 
furnaces. Wood or metal forms are inserted in the furnace 
to confine the rammed material and to shape the inner sur- 
face of the furnace lining. Here, too, the lining is built up 
layer by layer with loose refractory about 10” to 34” thick. 
Ramming is accomplished with a pneumatic tool having a 
rammer butt at least 114” square. Avoid excessive ramming 
as it may break down the material, which, in turn, may re- 
sult in flaking and the formation of layer cracks. Three or 
four passes with the rammer per layer produces maximum 
uniformity and density. 

A dry ramming material is used to line high-frequency in- 
duction furnaces. A special transite (asbestos) sleeve rein- 
forced by a wood form is used to contain and shape the re- 
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fractory cement. The lining is built up of layers 114” to 3” 
thick. Two or three passes with a 11⁄4” to 2” rectangular- 
butt pneumatic tool per layer is sufficient to pack the mate- 
rial. After a dry rammed lining has been completed, the 
wood support form is removed but the transite form remains 
in the furnace. "This transite form is melted out in the first 
(sintering) heat during which the lining matures and hard- 
ens. More information on linings for induction furnaces, as 
well as other basic furnace types, and the installation and 
maturing of furnace linings is presented in subsequent sec- 
tions of this chapter. 

Castable refractory may be the solution to many foundry- 
furnace problems. It eliminates the use of special shapes 
and makes a smooth-surfaced monolithic lining. Three kinds 
of mixing consistency have been used: ramming, pouring, 
and tamping or rodding. However, the manufacturer’s in- 
structions should be followed when selecting the technique to 
be used with a particular castable. 

As a rule, the moisture present in the mixture for ramming 
consistency is not sufficient for the lumite (calcium alumi- 
nate) binder to develop the best strength value. Excess wa- 
ter, on the other hand, contributes to decreased strength and 
increased shrinkage. Usually, the tamping consistency in 
which the material can be puddled into place gives maximum 
strength and minimum shrinkage. 

Except in the infrequent application of hydraulic-setting 
castable refractory as a rammirng material (usually as a 
patch on a faultily cast section), a form or mold made of 
wood or metal is required. When а permanent metal form is 
employed, as in a crucible furnace, the form should be smooth 
and coated with oil or grease to permit easy removal. When 
a wood form is used to prepare a special shape, the form 
should be painted with kerosene or light oil to prevent the 
wood from absorbing the moisture in the refractory. After 
the refractory has set for at least 12 hours, the metal form 
may be removed or the wood may be burned away without 
damaging the refractory. | 
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Since castable refractory hardens rapidly, water should 
not be added until you are ready to use it. Further, if the 
material is being cast against a porous substance, the adja- 
cent material should be wet thoroughly ; otherwise the porous 
surface will take up water from the refractory. When large 
sections are being cast it is not advisable to build up more 
than 12 inches at a time. Even if the section is not so large, 
it should be well rodded with a blunt-edged tool before an- 
other section is built up. Rodding is important since it 
eliminates air pockets and fills all the corners. 


Patching Furnace Linings 


Reasonable lining life may be obtained and the lining 
maintenance problem considerably reduced by: (1) hoeing 
dross and slag out of the hot furnace at the end of the day's 
run; (2) chipping out adhering pieces of slag that remain 
after the furnace cools; and (3) brushing or washing a 
slurry of cement over the lining wall. If slag is permitted 
to build up, it is always necessary to chip. Chipping nearly 
always requires major patching afterwards since the impact 
of chipping causes the lining to crack. Much chipping can 
be avoided by thorough hoeing while the furnace is still hot. 
But even with the best of care, linings will eventually require 
patching, usually because of spalling. 

Normally, patching is done when the furnace is cold or 
slightly warm. The materials used to make the patch depend 
upon the kind of lining installed in the furnace, and this, 
in turn, is determined by the use to which the furnace is 
put. In general, patching is accomplished by first thorough- 
ly cleaning the damaged area. Be sure that all slag and 
deteriorated lining material are removed. If this is not 
done, the patch will be little better than no patch at all. 
At the same time, though, cleaning and preparing the area 
for the patch should be accomplished without removing an 
excess of good refractory material. | 

After cleaning, the next step is to prepare the area for 
the patch. Here the periphery or outer edge of the faulty 
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area is cut back at an angle from the lining surface towards 
the furnace casing. This makes the diameter at the bottom 
of the hole greater than that at the lining surface, thus pro- 
viding an anchor for the patch. All the newly exposed sur- 
face of the patch area should be left rough. Following this 
preparatory procedure, blow out any loose material and 
moisten the surface area of the hole by brushing on a coat 
of high-temperature air-setting mortar. Then ram in layers 
of plastic until the patch has been built up to the surface 
level of the lining. The depth of material per layer will 
vary from 14" to 2”, depending on the patching material 
and the manufacturer's specific recommendations, At any 
rate, the surface of each layer should be roughened by stip- 
pling with а wire brush before the next layer is rammed to 
prevent lamination. 

When all patching has been completed, the entire lining 
surface should be washed with а slurry of suitable cement. 
If the patches installed are shallow, only normal preheat- 
ing is necessary. On the other hand, if deep patches are 
installed, preheat the furnace slowly to prevent the repaired 
area from cracking and spalling. Since surface patches are 
usually inefficient because of an insufficient anchor to hold 
the patch, deep patching which permits the construction of 
а cut-back should be employed. 

Patching while the furnace is red-hot is sometimes em- 
ployed. The procedure in this case is somewhat similar to 
that previously described, but of course, all work must be 
done with long-handled tools. Here, too, the area should 
be cleaned, prepared, and washed with a slurry of cement. 
Next, form a ball of patching material. Wet the outside of 
the ball to a consistency of thick mortar and apply it with 
the end of a long ram. Tamp the material solidly in place. 
Build up the area by repeating the balling, applying, and 
tamping procedure until the patch is completed. Then wash 
the patch surface with slurry. Do not charge the furnace 
‚ until the patch is thoroughly dry. 

Some foundrymen prefer hot patching; others prefer that 
the furnace be cool; still others prefer that the furnace be 
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warm since the heat aids in driving off the moisture. Satis- 
factory patching may be done with any of these furnace 
conditions. However, the patch may be installed with less 
discomfort if the temperature is relatively low. But whether 
you prefer the hot or the cold technique, patching can be 
minimized and lining life extended, by cleaning out the slag 
and dross at the end of each day's work, and by washing the 
entire lining with a slurry of cement to fill the cracks before 
starting the day's work. 

Even though your lining maintenance procedures are the 
best that can be devised, and you follow the program to the 
letter, eventually your furnace will have to be relined. At 
one time or another during your naval career, you'll have 
occasion to decide when а furnace needs а new lining. Upon 
what facts do you base this decision? Primarily, your de- 
cision is based on observation and a knowledge of the fur- 
nace’s history since the present lining was installed. Since 
the melting practices employed, the kind of metal handled, 
and the maintenance procedures utilized are some of the vari- 
able factors involved in the life of a furnace lining, the 
number of heats that a lining should last cannot be stated ; 
only past experience as revealed by the material history for 
your particular furnace can indicate lining life expectancy. 
Two observable factors, however, serve to indicate when 
relining is in order. These factors are: (1) the appearance 
of bright red spots on the lining wall while the furnace is 
in operation; and (2) the failure of patches to adhere satis- 
factorily to the refractory wall. The observation of either 
or both of these conditions serves as a basis for а decision 
to reline. 


Oil-Fired Crucible Furnace Linings 


There are almost as many designs for lining an oil-fired 
crucible furnace as there are furnace manufacturers. In 
general, though, the linings are combinations of preformed 
shapes, insulating material, and rammed plastic, or they 
are monolithic. By far the greater portion of these non- 
ferrous melting units have an inner lining consisting of 
special shapes made of preburned silicon-carbide. Usually, 
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dry clay or some other substance such as insulating grog is 
used between the silicon-carbide and the furnace shell. The 
furnace bottom most frequently consists of standard fire- 
brick shapes, while the burner opening, slag hole, insulation 
seal, and pouring lip (in tilting crucible furnaces) are 
formed from rammed plastic firebrick. 

The replacement lining shown in figure 8—4 is typical of 
those furnished by furnace manufacturers. Joint designs 
vary from one supplier to another, but this is not the only 
variation. A preformed replacement lining is designed for 
a particular type of furnace. Consequently, since the size 
and location of port openings in replacement linings furn- 
ished by manufacturers differ from one another, the various 





Courtesy о] the Lindberg Engineering Co. 


Figure 3—4.—A replacement lining for an oll-flreg crucible furnace. 
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lining designs are not interchangeable. That is, the lining 
for а Stroman furnace will not fit in а Lindberg-Fisher 
furnace, although both furnaces have the same metal 
capacity. Assuming that the replacement lining is designed 
for a particular furnace, its use simplifies the lining pro- 
cedure in that the burner opening is more easily formed and 
allowances for expansion have been provided. 

One method of lining an oil-fired crucible furnace is illus- 
trated in figure 3-5. The design employed here is intended 
to overcome two objectionable characteristics of silicon- 
carbide—high thermo-conductivity, and its tendency to grow. 
In the lining technique illustrated, it is the function of the 
dry clay to keep the heat loss through the furnace shell to a 
minimum and to allow lining width to increase without de- 
veloping excessive stress. If a solid insulation is used, the 
stress resulting from silicon-carbide growth may rupture 
the furnace shell. 





Courtesy of the Stroman Furnace & Engineering Co. 


Figure 3—5.—Diagram of an oll-fired crucible furnace having on inner lining 
of preformed silicon-carbide. 


After gathering the necessary tools and materials and 
removing all the old lining material, the installation of a new 
lining involves the following procedure: First, brush the 
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interior of the furnace shell with a fire clay wash, then lay 
the firebrick bottom, as shown, with a heat-setting mortar. 
Ram plastic firebrick, as necessary, to fill any odd areas in 
the bottom that are not filled. Next, install the silicon- 
carbide replacement liner. The several parts of this unit 
should be assembled with a silicon-carbide cement. Be sure 
that the lining is centered in the furnace and that the burner 
opening is properly alined before cementing the liner to 
the firebrick bottom. At this point, insert metal or wood 
mandrels and form the burner port and the slag hole open- 
ings with plastic firebrick as shown in the sketch (fig. 3—5). 
Having formed the burner opening and slag hole, tamp 
. dry clay into the space between the silicon-carbide liner and 
the furnace shell. When this space has been filled to within 
4’’ or 5'' of the top of the furnace, seal in the dry insulating 
material with densely rammed plastic firebrick. After com- 
pleting the lining, remove al] mandrels. The furnace should 
be lit off immediately and preheated slowly until the lining 
is a dull red; then, increase the temperature to its normal 
operating temperature. Hold at this temperature for 30 
minutes or so, and allow the furnace to cool slowly. 

Another method of lining an oil-fired crucible furnace is 
illustrated in figure 3-6. Неге a monolithic lining is pro- 
duced by building up layers of plastic firebrick. Usually, а 
Steel shell is used to shape the inner surface of the lining. 
Wood or metal mandrels are inserted to form the burner 
opening and slag hole. Although the bottom may be formed 
with firebrick, the entire lining including the bottom is fre- 
quently a rammed plastic. 

Here, again, the first step in the lining procedure is to wash 
the interior of the furnace shell with a clay wash. After 
laying in the brick or ramming the bottom, insert the steel 
shell. The design of this metal form should be such that 
its diameter will decrease when the bolts are removed after 
the lining has been rammed. With the shell in place, set 
the mandrels for the burner opening and slag hole. Ram 
plastic solidly around these mandrels, then build up the re- 
maining space between the furnace Wall and the shell. 
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Courtesy of the Stroman Furnace & Engineering Co. 
Figure 3—6.— A rammed monolithic lining. 


When all ramming is completed, remove the bolts and lift 
the shell from the furnace. Be sure to fill the recesses 
formed by the shell bolts in the lining surface with plastic. 
Finally, remove the burner and slag hole mandrels and fire 
the furnace to dry out the lining. 

Either of the lining techniques illustrated in figures 8—5 
and 3-6 are satisfactory for installing a lining in an oil-fired 
tilting crucible furnace. The principle difference in the 
procedures for lining the nontilting crucible furnace we have 
been discussing and the tilting crucible furnace shown in 
figure 3-7 is the formation of the pouring lip and the instal- 
lation of the crucible itself. 

Assuming that the furnace lining has been completed, the 
first step in the installation of a crucible is to secure the 
crucible rest to the bottom of the furnace. 'This is accom- 
plished by spreading a 14” layer of silicon-carbide cement 
the same size as the crucible rest over an area in the center of 
the furnace bottom. Press the crucible rest firmly in place. 
Next, spread another 14” layer of cement over the top of the 
rest. Place the crucible on the rest. With the crucible lip 
extending into the furnace pouring lip, press the crucible 
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Courteey of the Stroman Furnace & Engineering Со. 
Figure 3—7.—Crucible installation in en oll-fired tilting crucible furnace. 


down firmly to assure good contact with the cement on all 
surfaces. The final step is to seal in the crucible lip and form 
the furnace pouring spout as shown in the front view of 
figure 3-7. 

In all crucible furnaces, whether tilting or nontilting, an 
important area of maintenance is the cover tile, particularly 
the fit between the cover and the furnace proper. During 
operation, flame should not leak out beneath the cover. To 
remedy a condition of this sort raise the cover, spread a thin 
layer of cement on the top of the furnace, sprinkle sand over 
the cement, and lower the cover to bed the sand into the 
cement. Then raise the cover and apply heat until the cement 
is dry. This procedure will effectively seal the leak and 
cause the flame to leave the furnace through the opening in 
the center of the cover tile. 


Electric Rocking Furnace Linings 


In both the indirect-arc and the resistor electric rocking 
furnaces, the linings are formed by laying standard and 
special preformed insulating and refractory shapes. The 
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first step in the lining replacement procedure for either of 
these furnace types is to disconnect and remove electrodes, 
brackets, and similar fittings from the sides of the furnace 
shell. After the shell exterior has been stripped, the shell 
is hoisted from its bases and placed on end on the foundry 
floor. Be sure that you have plenty of work space around 
the shell. Next, remove the end plate, knock out the old 
lining, and scrape the shell interior free of cement. 

А comparison of the drawings in figures 3-8 and 3-9 shows 
that the lining procedures for these two types of furnaces 
differ considerably from this point on. Contrasted with the 
conical sections in the NR-2 resistor furnace, the cylindrical 
design of the LFY is much simpler. À further complica- 
tion in the NR-2 is the double electrode ports which require 
а special end disk and careful alinement. Only a minimum 
of special shapes are required for the LFY, while the bulk 
of those used in the NR-2 are other than standard. Fur- 
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Figure 3—8.—Lining assembly for ап LFY indirect-arc electric rocking furnace. 
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ther, there are fewer spaces to fill with cement and lese fit- 
ting of parts in the LFY than there are in the NR-2. 

By carefully studying figure 3-8, you'll get a good picture 
of the manner in which indirect-arc furnace linings are in- 
stalled. Furnaces smaller or larger than the 500-pound ca- 
pacity LFY illustrated will of course vary in detail, but the 
principle of lining construction will be much the same. Be- 
fore you start laying brick, though, check the lining assem- 
bly drawing for your furnace. Note particularly the list of 
material. Double check to be sure that you have a sufficient 
quantity of the right kind of materials. After assembling 
the necessary tools and materials, stripping the brackets 
from the sides of the furnace, and removing the shell from 
the base supports, the procedure for relining the LFY is as 
follows: 

With the shell resting on end, remove the hinge pins, lift 
out the end plate, knock out the old lining, and scrape the 
shell interior clean. Next, cut and fit the insulating brick 
for the end wall. Then start laying the silica brick insulat- 
ing course, using an air-setting mortar mixed to a dipping 
consistency. The end wall is laid first with 9’’ X414”’ x 214” 
straight insulating brick. The circular shell is laid with 
9'"x415'^x114'" split insulating brick. Brick laid in the 
insulating course are placed so that their 9’’ X 414” surface 
is parallel to the surface of the end disk or the curvature of 
the cylindrical wall, as the case may be. Dip each brick 
fully in the mortar. When placing them in position, press 
the bricks together firmly to squeeze excess mortar from the 
joint. Note that а 7’’ diameter hole must be formed in the 
center of the end-plate course, and that 9” х 4% X 114” 
Mullite or Silimanite refractory split brick are installed 
around the door opening, instead of insulating brick, in the 
first course (see sections А-А and C-C, fig. 3-8). Leave 
space R void for the time being. 

With the cylindrical section and one end wall lined with 
insulating brick, install the silicon-carbide (or Mullite) door 
brick (see section C-C, fig. 3-8) and close the door. 

Next, lay the end wall with 9’ х 4157 X 215" straight re- 
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fractory brick (Mullite or Silimanite high temperature). 
As shown in the drawing, this end wall course is laid with 
the 9” X214’ edge parallel with the surface of the end wall. 
Use an air-setting high-temperature mortar mixed to a 
dipping consistency to lay the refractory course. The mor- 
tar should have а composition similar to the refractory brick 
itself. Tamp the bricks together so that excess mortar 
squeezes from the joint. In this course maintain a 614” 
diameter opening for the port sleeve. 

The refractory course for the circular portion of the shell 
is laid with No. 1 and No. 2 arch brick. (No. 1 is a 
9" X414’ X 214’ X 915" brick, while the No. 2 is 9” x 415^ X 
215" X134” brick.) Here the 9” X 215'' edge is butted to the 
insulating course. Ав indicated in the sectional view А-А, 
these brick are inserted in the following sequence: two No. 2 
arch brick, one No. 1 arch brick, two No. 2, one No. 1, etc. 
If this alternate sequence is not followed, the correct radius 
will not be obtained. Around the door, in this course, the 9'' 
dimension of the arch brick must be cut down to 4” so that 
the special door tile (jambs, sill, and lintel) can be fitted 
in place. Before the door tiles are installed, they should be 
soaked in water to prevent the mortar from drying out too 
rapidly. Note that а 14” clearance is specified between the 
special tile and the furnace door. 

When an insulating and a refractory course have been in- 
stalled in one end of the cylindrical portion of the furnace 
shell, the next step is to construct a platform in the interior 
of the shell consisting of a circular disk supported by 3 or 4 
legs. The purpose of the platform is to support the brick- 
work of the second end wall while it is being put in place. 
The upper surface of the disk must be installed flush with 
the upper edge of the circle of brick forming the cylindrical 
section of the lining. The disk portion of the platform 
should be 26’’ in diameter with a 7” hole іп the center. The 
material from which the platform is constructed is governed 
by the weight of the material it is required to support. For 
furnaces installed aboard repair ships, a platform made of 
36'' to 1” lumber supported by 2 X 4's is more than adequate. 


After the furnace lining is completely installed, the plat- 
form is burned out. 

With the platform installed, the next step is to lay brick 
for the second end wall. Here it is necessary to install the 
refractory course and then the insulating course, forming 
the port sleeve opening in both courses. Following this, re- 
place the end plate, locking it in position with the hinge pins. 
If necessary, insulating mortar may be spread over the sur- 
face of the insulating course to fill any space between the end 
plate and the insulating course. 

Next, hoist the furnace shell to а horizontal position so 
that the rim tracks are in contact with the foundry floor. 
Then pour a creamlike slurry of cement into the furnace. 
Roll the furnace back and forth several times so that each 
joint is submerged and filled with the slurry. Drain the 
shell to remove any excess material. Remounting the shell 
on the furnace base completes this phase of the lining 
procedure. 

After the shell has been remounted, replace the electrode 
brackets and clamp two new electrodes in position. Advance 
the electrodes until they strike each other in the center of the 
furnace. When properly alined, the two electrodes look as 
if they were one continuous piece. If the electrodes do not 
aline in this way, it will be necessary to insert shims between 
the electrode brackets and the shell end plate to obtain the 
desired alinement. 

Having obtained the correct electrode alinement, withdraw 
the electrodes until their ends are nearly flush with the re- 
fractory wall. Wind several turns of paper around the end 
of both electrodes and slip a port sleeve (part 15), previously 
soaked in water, over the tip of each electrode. When prop- 
erly inserted, as shown in section B-B, figure 3-8, the sleeve 
is cemented in place by tamping alundum cement securely 
into space О. Then ram plastic firebrick in space E of the 
flanges. To maintain the clearance necessary for electrode 
movement through the flange area, paper must be wrapped 
around the electrode before the plastic is rammed. After 
completing the installation of the port sleeves, and removing 
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the paper wrappings, the electrodes should move into the 
furnace the full distance without binding at any point. 
Forming the furnace pouring spout with plastic firebrick. 
and solidly ramming a high temperature plastic refractory 
into space R around the door complete the lining installa- 
tion procedure. 

The final step is to dry out the new lining. Burn out the 
wood platform, then, using the arc, apply heat intermittently 
on this basis: (1) strike the arc, applying power until the 
kw hr meter indicates 5kw hrs, then turn off the power. 
Repeat this operation once each 14 hr for 2 hrs; (2) for the 
next 2 hrs apply 8kw hrs once each 14 hr, followed by (3) 
19kw hrs, once each 1% hr for the next 2 hrs. When this 
heating sequence is followed the furnace lining will be a dull 
red color at the end of a 6-hr period, and a total of 100kw hrs 
will have been applied. After 6 hrs of relatively slow pre- 
heating the power may be left on continuously with а 125kw 
hr input. Apply this input for 20 additional kw hrs or 
until the lining reaches a temperature of 2700? F; then turn 
off the power. Allow the furnace to cool to between 1000? 
to 1400? F before removing the door. 

As indicated previously, the lining assembly details for an 
NR-2 resistor furnace differ considerably from those of the 
LFY indirect-arc. Nevertheless, the same general principles 
аге involved. Insulating and refractory courses are required 
in both cases. The technique of laying brick and the pro- 
cedures for mixing mortars, cements, and slurries are identi- 
cal. And in both cases a chain fall or hoist is required to 
handle the furnace shell. 'The similarities and differences 
will become apparent after we have outlined the procedure 
for relining the NR-2 furnace in the following paragraphs. 

After removing the brackets and associated gear from the 
furnace shell end plate exterior, the shell is hoisted from the 
base and placed on blocks on the foundry floor with the 
hinged end plate up. Remove the hinge pins, lift off the end 
plate, knock out the old lining and thoroughly clean the in- 
terior of the furnace shell. When this has been accomplished, 
lay the insulating course in the end wall. Asin the LFY, 
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Figure 3—9.—Lining assembly for a NR—2 resistor furnace. 


straight insulating brick is used to lay this section of the lin- 
ing. The brick must be cut to fit the end plate as well as the 
opening for the port sleeves. It's good practice to cut all 
insulating brick requiring such treatment and to fit them in 
position before laying them permanently in place with mor- 
tar. Fill all crevices with the same air-setting insulating 
mortar, then scrape the excess mortar from the surface. The 
dotted lines in the sectional view А-А, figure 3-9, represent 
the brick in the end wall insulating course. 

Five types of shapes are required to lay the insulating 
course in the shell body: right and left short-conical, right 
and left long-conical, апа standard straight insulating. 
Starting with the short conical left-hand shape, lay the first 
section, placing each shape snugly but squarely against the 


end wall. Follow this with the second, or long left-hand 
conical section. Then lay the standard insulating bricks in 
the circular section of the shell. The brick in this section 
must be accurately centered. Before starting to lay the sec- 
ond conical course or the circular course, be sure that the up- 
рег (414’’ X214’’) edge of the preceding course is square. 
If this is not done, the standard insulating brick of the circu- 
lar course will not lie properly against the shell. The long 
and short right-hand conical sections are laid in the same 
way at the left hand sections. Leave a 2'' space (R) around 
the furnace door opening. Each brick should be fully dipped 
in insulating mortar before laying. After each section is 
laid, fill all voids between bricks with mortar. Clean excess 
mortar from the surface of the lining and smooth off any 
high spots. 

The next step in the lining procedure is to fit the zircon 
end disk in place. A 14’’X1’’ X9” steel bar fitted into recess 
L (section B-B, fig. 3-9) facilitates the handling of this 
part with a hoist or chain fall. With the end disk openings 
alined with the port openings in the steel end plate, locate 
the door sill (part 3) and pieces 3 and 9 of the refractory 
cireular course (part 2) in their proper positions. (See 
section B-B for the location of part 3 and section A—A for 
the location of pieces 3 and 9 of part 2.) Be sure that the 
end disk is level. Check the relation of the spout groove 
in the door sill with relation to the furnace spout casting. 
The refractory parts must fit snugly against the insulating 
course. If the end disk must be lowered to permit fitting 
the refractory part, the insulating course in the end wall 
will have to be rubbed down. On the other hand, if it must 
be raised, this can be done with a layer of insulating mortar. 
Perfect fitting of the parts is essential. In addition to fit, 
check the diameter between pieces 3 and 9 of part 2. This 
diameter should be 26 inches. When the proper fit has been 
obtained, remove the parts from the shell. 

Before permanently installing the refractory course, soak 
all the shapes in water. Then cement the end disk in the 
position determined during the fitting procedure. Fill space 
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N with Silimanite plastic refractory. Clean the flange-like 
edge of the disk so that the ends of the circular course can 
rest on it without interference. Next, lay the door sill, and 
then pieces 2 through 10 of part 2. The sequence of this 
procedure is represented by the numbers in the cross-sectional 
end view, A-A. As each of these pieces is laid in sequence, 
void E must be filled with zircon cement. At this point, 
the lintel (part 5) and the jambs (part 4) are temporarily 
inserted to check their fit before they are permanently ce- 
mented in place. After installing the lintel, cement the 
jambs and force them into position with a wood block and 
a mallet. | 

The next step is to fit! the second end disk. To facilitate 
this operation it is necessary to knock the edge off the in- 
sulating shapes (part 8) in the right-hand conical section. 
This provides the space necessary to fit the end disk. Check 
the alinement of port openings by temporarily replacing the 
end plate. When satisfactory alinement has been obtained 
and marked, remove the plate and disk. Then wet the ends 
of the shapes in the refractory circular course, coat these 
ends and the joint edge of the disk with a slurry of refractory 
cement and lay the disk in place. Following this, ram plastic 
zircon into void M. Next, fit the brick for the end insulating 
course and lay this course. Coat the surface of the insulating 
course with mortar if necessary to make a snug fit between 
the end plate and the insulating course. 

Having locked the end plate securely in place with the 
hinge pins, turn the shell to a horizontal position (rim 
tracks in contact with the foundry floor) and fill the 2-inch 
void space (R) around the door with rammed Silimanite or 
Mullite high temperature refractory. Fill any cracks in the 
lining with mortar, then wash all joints with a slurry of 
refractory cement. Return the shell to the furnace base. If 
you have sufficient time, it’s a good practice to allow the 
lining to air-dry for 12 hours followed by 8 hours of drying 
with a wood fire, before installing the port sleeves (part 11). 

With the shell on the furnace base, remount the electrode 
brackets and install new resistors and graphite terminals. 


Like the electrodes of the indirect-arc furnace, the resistors 
must be perfectly alined. Insert shims between the brackets 
and the end plates as required to obtained the desired aline- 
ment. When this has been accomplished, remove the re- 
sistors and wrap paper around the ends of the terminals as 
& preparatory step prior to the installation of the port 
sleeves. Locate the inner end of the terminals flush with the 
surface of the end disk. Slip the port sleeve (thoroughly 
wet with water) over the paper and the resistor. When 
properly inserted the outer edge of the sleeve is flush with 
the shell end plate. Then ram zircon refractory patch in the 
space (O) between the sleeves and the end disk. The next 
operation is to install the port coolers and re-install the re- 
sistors. Be sure that the proper alinement is maintained. 
The final procedure before preheating the furnace is to in- 
stall the door brick as shown in section C-C, in figure 3-9. 
Fill the crevice between the brick and door flange and the 
bolt plugs with Silimanite refractory patch. 

Preheating the furnace to completely dry out and mature 
the lining is accomplished by operating the resistors at a 50 
to 60 kw input. Over a 4-hr period, apply power every 1% hr 
until the kw hr meter indicates 20 kw hrs. Then, over the 
next 2 hrs apply 40 kw hr every 15 hr. Apply 20 kw hrs 
every 15 hr for 4 hrs. Then apply 40 kw hrs every 14 hr 
for the next 2 hrs. If at any time during this 6-hr preheat- 
ing period steam comes out of the furnace with considerable 
force instead of drifting out, delay the next application of 
power for 14 hr. When the lining temperature reaches 
2700? F, secure the power and allow the furnace to cool 
slowly. 


Coreless Induction Furnace Linings 
There are two basic kinds of coreless induction furnace 
linings: Monolithic sintered linings, and preformed, prefired 
refractory crucibles tamped in a bed of granular refractory. 


Although the crucible linings may be used in either ferrous 
or nonferrous furnaces, providing the proper kind of crucible 
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is selected, а sintered lining gives the most satisfactory 
service for melting steel alloys. 

With either of these techniques, the first operation is to 
knock out the old lining, being careful to avoid damaging 
the coil (see 1, fig. 3-10). Then turn on full water pressure 
and check the coil and hose connections for leaks. This 
should be done each time а new crucible or new lining is in- 
stalled. In addition, check the coil lining for cracks. Small 
cracks should be filled with a brush coat of Norpatch refrac- 
tory cement mixed with water to a paint consistency. Larger 
cracks and holes should be patched by ramming a plastic 
mixture of Norpatch into the crevice and smoothing the sur- 
face with a trowel. 
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Figure 3—10.—Cross section of a 650-pound induction furnace showing installa- 
tion ef a crucible lining. 


When it is necessary to renew the coil lining, remove all 
the old material from the coil, and apply Norpatch mixed 
to a troweling consistency. Press the refractory firmly be- 
tween the coil so that it squeezes through the other side; then 
trowel the inside of the coil to a thickness of 36". When 
the inside has been covered, scrape off the high spots with а 
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straight edge and fill in the low spots. The coil coating 
should be smooth and uniform in thickness. The coil lining 
should be dried slowly over a 30-hour period with a 1000- 
watt strip heater. After complete drying, brush on a coat 
of refractory cement to fill any cracks that may have de- 
veloped during the drying process. 

After the coil lining has been repaired, tamp а 5°” bed of 
Norsand granular refractory (or all-purpose facing sand) 
over the firebrick furnace bottom. Best results are obtained 
by tamping the sand with a tool having a disk-like plate 5” 
to 6” in diameter, welded to the end of a steel bar. Ве sure 
that the surface of the sand is level so that the vertical axis 
of the crucible can be centered in the furnace. When placed 
in the furnace, the top of the crucible should be 114’ to 2” 
below the top of the furnace. If the furnace is to melt non- 
ferrous metals, а clay-graphite crucible is installed; if - 
ferrous metal is to be melted, a magnesia crucible is used. 
In either case, the lining procedure is the same. 

With the crucible centered in the furnace coil, pour sand 
slowly around the crucible, packing it between the crucible 
and the coil lining with a hand rammer. Continue pouring 
and tamping sand until the sand is level with or slightly 
above the coil lining as shown in figure 3-10. Then, seal the 
sand in place by ramming Norpatch cement (mixed to a ram- 
ming consistency with water) around the top of the furnace. 
Form the pouring lip at the same time that the refractory 
seal is rammed. 

After being rammed in place, the crucible is preheated by 
placing several pieces of carbon (large enough to radiate 
heat) into the furnace and operating the furnace on low 
for an 8-hour period. (The temperature should be about 
300° F.) An alternate method is to place a large electric 
light bulb or a pot of ignited charcoal in the bottom of the 
furnace. In any event, preheating the crucible and thorough 
drying of the Normagal refractory cement seal is essential. 
The lining procedure outlined will be necessary whenever the 
crucible wall has worn down to five-eighths of its original 
thickness. 
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А comparison of figures 3-10 and 3-11 indicates little dif- 
ference in the procedures for installing a crucible and pro- 
ducing a sintered lining in an induction furnace. The same 
material, Normagal refractory or all-purpose silica sand, is 
tamped into the bottom of the furnace. For the sintered 
lining, though, the depth of material over the insulating 
brick bottom is 51%”. In this case, a transite (asbestos) form 
furnished by the manufacturer is prepared and centered in 
the furnace instead of a prefired crucible. This form is pre- 
pared by drilling four equally spaced holes about 1” in di- 
ameter in the bottom disk about 14°’ in from the outer edge. 
Similar equidistant holes are drilled in the sleeve about 1'' 
from the bottom. The disk is fastened to the sleeve with soft 
iron wire. When this preparation is completed, the form is 
centered in the coil. Place a 200- to 300-pound weight in 
the transite form to prevent shifting while the sides are being 
rammed. Pour Normagal between the form and the coil 
to a 3” height. Татр the material firmly with a hand ram- 
mer, followed by ramming with an electric or air rammer. 
Continue this procedure until the Normagal is slightly above 
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Figure 3—11.—Cross section of a 650-pound induction furnace showing the 
installation of a sintered monolithic lining. 
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the coil, then seal it off and form the pouring lip by ramming 
Norpatch refractory cement mixed to a ramming consistency. 
Permit this top layer of plastic cement to dry before pro- 
ceeding to apply heat to the furnace. 

When the cement seal and pouring lip have dried, remove 
the weights from the interior of the transite form. (If a 
wood support core has been inserted in the transite sleeve, 
it should be removed.) Leave the special transite form in 
place. Charge the furnace for the first heat (often called the 
sintering heat). Low carbon scrap or Ármco iron consisting 
of pieces weighing between 14 pound and 2 pounds are placed 
compactly in the furnace. Sufficient material should be used 
in this first heat to bring molten metal to the top of the 
transite liner. Before applying power, be sure that water is 
flowing through the coils. Details of furnace operation are 
given in the instruction manual furnished by the manufac- 
turer. А summary of operating instructions is presented in 
Molder 3 & 2, NavPers 10584. 

. With the exception of two points to be noted, the technique 
followed in this first sintering heat is similar to that used 
in normal operations. The exceptions are: (1) the charge is 
brought to the top of the Normagal lining; and (2) the metal 
is held at 3000? F for a period of 15 to 20 minutes to permit 
proper sintering. With the application of heat the metal 
. becomes molten, the transite sleeve fluxes away, and a thin 
layer from 3$'' to 14”’ deep sinters at the face of the lining 
surface—that is, the Normagal undergoes a change as а 
result of the heat and becomes а coherent solid mass. The 
fluxing action assists in providing a glazed impervious sur- 
face to the lining. 

During the sintering heat a slag forms on the surface of 
the metal. With the power off, this slag should be carefully 
skimmed from the surface and replaced with lime. After 
this first heat has been poured, inspect the lining. There 
will probably be some evidence of slag cutting. These areas 
should be patched with Norpatch if above the normal metal 
line and with Normagal mixed with sodium-silicate (water 
glass) if below the metal line. 


An alternate method of producing a monolithic sintered 
lining is illustrated in figure 3-12. The first step here, after 
checking the coil lining, is to moisten the inner surface of the 
coil lining with sodium-silicate and line it with 1%”” asbestos 
cloth. Then ram a 51%” layer of dry coarse-grain Magnorite 
cement (Norton RM 1169) in the bottom of the furnace. 
Next, place а properly dimensioned prefabricated sheet-steel 
form covered with 1%”’ asbestos cloth in the center of the 
furnace coil. Fill the space between the coil and the form 
with solidly rammed dry Magnorite cement. Then seal the 
top and form the spout with Norpatch or Magnorite cement 
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Figuro 3—12.—-A method of lining an induction furnace using a sheet-steel form. 
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mixed to а dry-plastic consistency. After the seal and lip 
are thoroughly dry, charge the furnace and apply power. 
When the charge becomes molten, the steel form melts, the 
asbestos fluxes away, and the lining sinters, This first heat 
must be steel. Cast iron does not properly sinter the lining. 

Properly installed linings, whether they are imbedded 
crucibles or monolithic sintered linings, will give excellent 
service. One outer lining—asbestos lumber, insulating brick, 
etc., indicated on figures 3-10 and 3-11—should suffice for 
from 3 to 4 inner linings. 


Ladle Linings 


Even though the metal is perfectly clean when it leaves 
the furnace spout, it may be contaminated by a faulty ladle 
lining. If the ladle lining material has low dry strength, 
it will crumble around the top of the ladle where the lining is 
not in contact with molten metal. Unless the ladle used to 
transport the metal from the furnace to the mold has a 
good lining capable of resisting the attack of molten metal 
and slag, pieces from the crumbled rim will be swept into 
the stream of molten meta] when the ladle is tilted to pour 
the mold. | 

There are а number of satisfactory products available for 
lining ladles (Mexico Refractories’ *Helspot," Johns-Man- 
ville's *Blazecrete" among others). However, a lining mix- 
ture having desirable properties can be obtained from & mix- 
ture of ganister, fire clay, and water, or by mixing the 
following materials in a sand muller: 


Percent 
Used backing sand or ап1вїег....-.------------------- 85 
Siea ROUSE e ecl elu 10 
КӨС Ну сс ond dS ED M IDE CE 5 
Water (percent dry ingredients) (may contain 1.5% 
dextrine or molasses) .... _ .-------------------------- 5 


Before you start to line a ladle, check the shell for vent 
holes. These holes are intended to aid in drying the lining. 
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If these holes have not been provided, drill 3” holes 
through the sides and bottom of the shell on 3'' ог 5'' centers. 
Lining drying time will be prolonged and the possibility of 
moisture pockets will exist unless vent holes are provided. 
Improperly dried ladle linings are a potential source of 
danger since any moisture pocketed under molten metal 
rapidly forms a large volume of steam which may explode 
and blow metal out of the ladle with considerable force. In 
any case, steam will ruin the metal. 

With the ladle shell properly vented, the next considera- 
tion is lining thickness. This thickness depends upon the 
volume and kind of metal to be handled with the ladle. 
Ladles for pouring steel require thicker linings than for 
pouring other metals because the high temperature at which 
steel is poured attacks the lining material much more rapidly. 
The lining thickness in ladles of the same size may be 
progressively thinner as the pouring temperature decreases. 
A ladle for handling 75 pounds of steel, for example, should 
have a lining 1” thick on the bottom; lining thickness on 
the sides should be 1'^ at the bottom tapering to 34” thick- 
ness at the top. 

The usual procedure is to use a wood or metal form to pro- 
duce the crucible-like inner shape of the ladle. After re- 
fractory material has been tightly rammed to the desired 
thickness in the bottom of the ladle, the form is inserted. 
Side walls are produced in a manner similar to that described 
for ramming а monolithic lining in an oil-fired furnace. 
When ramming is completed, the forms are removed and the 
ladle lining is dried by applying heat with a Hauck burner 
or gasoline torch. Continue applying heat until the flow of 
steam through the ladle shell vent holes stops completely. 

Properly lined ladles used for pouring nonferrous metals 
can be used for many heats before relining is necessary, pro- 
viding metal and slag are drained completely after each use. 
Ladles for handling steel, on the other hand, may require 
frequent relining unless completely and correctly patched 
after each heat has been poured. It is not good practice to 
pour more than one steel heat without relining the ladle, 
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SUMMARY 


Early in this chapter it was pointed out that maintenance 
is an ongoing, day-to-day process involving a multitude of 
things organized into & program in which tasks are per- 
formed on a schedule. Such a program has, as its primary 
objective, the avoidance of equipment casualties and the 
keeping of shop equipment at peak operating efficiency. In 
broad outline, the maintenance program embraces four ma- 
jor areas: operation, inspection, lubrication, and cleaning. 
The details of operation, lubrication, and so on, are obtained 
from the manufacturer's instruction manual and the Bureau 
of Ships Manual. It was noted, however, that the foundry 
supervisor's responsibility for the maintenance of electrical 
equipment (motors, generators, control panels) was limited 
to operation and the cleanliness of the areas around elec- 
trical gear. Actual maintenance procedures, such as the 
lubrication and repair of electrical gear is the responsibility 
of a qualified electrician. 

Аз an aid to the supervisor, it was suggested that a mate- 
rial history of each major machine tool be maintained since 
a record of this sort gives the supervisor a complete picture 
of the tool's past, helps him diagnose the causes of trouble 
that may occur, and may indicate possible remedies. But 
even though elaborate histories are maintained and detailed 
programs are set up, it is well to remember that the effective- - 
ness of the procedures designed to obtain peak efficiency and 
to minimize breakdowns depends upon the supervision and 
leadership given to the men who do the work. They must 
understand the importance of carrying out the procedures 
your program specifies. If they don't, the program will 
have little real value. 

One of the more important aspects of the foundry main- 
tenance program is that of furnace linings. It was shown 
that a lining's life depends on а number of factors including 
the metal being melted, the melting practice, the care the 
furnace receives after the heat is run, the kind of lining mate- 
rial used, and the techniques employed to patch and reline 
the furnace. А lining material's chemical reaction (acid, 
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basic, ot ww?) when subjected to high temperatures and 
the conditions countered in melting a given metal are im- 
portant factors in the selection of lining material, but it must 
also exhibit resistance to spalling, slagging, erosion, abrasion, 
and fusion, if it is to perform its function of retaining the 
heat generated without excessive heat loss through the furnace 
walls. 

Some furnaces are lined with standard insulating and re- 
fractory shapes, others require a large number of special 
prefired shapes, and still others are lined with bulk mate- 
rials rammed into a monolithic lining. Often a combination 
of standard and special shapes in conjunction with plastic 
materials and cements is used to line a particular furnace. 
The technique employed as well as the kind of refractory 
used depends upon the metal to be melted. For example, 
silicon-carbide linings are satisfactory for bronze, but for 
steel, magnesia crucibles or sintered Magnorite linings are re- 
quired. The construction of linings for furnaces typical of 
those available in the Navy was presented. In general, the 
techniques presented apply to any furnace relining job. 
Before you reline the furnaces in your shop, study the lining 
assembly drawing included in the instruction manual for 
your particular furnace. Note particularly the bill of ma- 
terial. Be sure that you have the right amount of the right 
size of the right kind of material. 


14. 


15. 
16. 
17. 
18. 


19. 
. Why is it necessary to provide vent holes in а ladle shell? 


QUIZ 


. What primary sources provide the detailed information necessary 


for an adequate maintenance program? 


. What major areas are included in the outline of а shop main- 


tenance program? 


. What should be done before applying power to a machine tool? 
. Who is responsible for greasing and lubricating motors and gen- 


erators on foundry equlpment? 


. What is included on a material history card? 

. What ig the function of a refractory? 

. Define the term spalling. 

. When does slagging occur? To what is it due? 

. Upon what is a refractory’s PCE based? 

. What principal constituent makes a refractory react as an acid? 
. How should dry bulk materials be prepared for use? 

. How is plastic refractory left over from a lining repair stored? 

. How can you determine when the consistency of the mortar is 


correct? 


Why should water additions to a castable refractory material be 
delayed until you are ready to use the material? 


How is a spalled area prepared for patching? 

What observable factors indicate that the lining must be replaced? 
What are two objectionable characteristics of silicon-carbide? 
How may perfect electrode alinement be obtained in the LFY and 
the NR-2 furnaces? 


What is a monolithic sintered lining? 
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PATTERN DESIGN AND THE MOLDER 
PRODUCTION PLANNING 


To the layman a casting is a metallic shape produced some- 
what mysteriously in the foundry. He is not aware of the 
role played by the design engineer, the draftsman, the pat- 
ternmaker, the molder, the heat treater, or the machinist. 
Neither has he given any thought to the detailed study and 
planning necessary to translate the idea described by the 
blueprint into a finished product. But then, he has no rea- 
son to be concerned other than that the casting he uses func- 
tions properly. It’s a different story with the molder. A 
casting’s production is no mystery tohim. He’s in the midst 
` of the process. He knows that the finished product is the 
result of hard work on the part of a number of cooperating 
individuals, 

Before foundry knowledge attained its present quasi- 
scientific status, most decisions pertaining to pattern con- 
struction, and thus the manner in which the cast part was 
to be molded, were made by the patternmaker. Pattern con- 
struction rather than mold design was too often the primary 
consideration. Now though, it is fully realized that the pat- 
tern is merely a means te an end; the mold's design, through 
which a metallurgically sound casting may be produced, is 
considered before instead of after the pattern is made. Re- 
cent experience has shown that sound castings are more con- 
sistently produced in the most economical manner when 
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supervisory personnel representing the shops concerned with 
the several phases of a casting's production cooperate in plan- 
ning the production method. 


The Planning Conference 


When the shape of the part is simple, the amount of con- 
sultation necessary to determine the production method is 
negligible. But when the part is complex, or must be pro- 
duced in large numbers, consultation is desirable and neces- 
sary. Don't let the simplicity of shape fool you, though. A 
plain “brick,” for example, is one of the most difficult shapes 
to cast with complete internal soundness. Frequently, those 
parts having what appear to be simple shapes pose the most 
difficult feeding problems. Large plate castings and thin- 
walled cylinders are hard to cast by ordinary techniques. 
Castings whose finishing involves no more than the removal 
of gates and risers and routine cleaning, seldom produce 
problems that require consultation among personnel other 
than the Patternmaker and Molder. But when the job is 
such that machining, heat treating, and/or welding is in- 
volved, the production method planning conference should 
include a Machinery Repairman and a Metalsmith as well as 
the Patternmaker and Molder. 

In a production planning conference, each man studies the 
drawing and visualizes the problem from his point of view. 
Each man offers solutions based on his technical knowledge 
and experience. Although each conferee has a tendency to 
think in terms of doing his part of the job in the simplest, 
most economical way, one objective is uppermost in the minds 
of all: the production of a metallurgically sound casting true 
to the drawing, and capable of performing the function in- 
tended. Each point of view is considered, differences are 
resolved, and the final decision on the production procedure 
represents а concensus arrived at through close cooperation 
of the several shop representatives. 

Since the point of view depends upon the interest the 
viewer has in the casting—welding, machining, molding, or 
patternmaking—the picture he sees will be different from 
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that of the other members of the group. The fact that the 
mental images differ somewhat in emphasis and detail makes 
an initial conflict of opinion almost inevitable. Yet, it is 
the resolution of these differences of opinion that helps to 
eliminate production problems before they arise. To be 
effective in the conference, however, each conferee must ac- 
curately visualize the part in question and thoroughly under- 
stand its function. 

The blueprint presents а great deal of data—name of the 
part, material, number required, relation to other parts, kind 
of finish, and heat treating data as well as the size and shape 
of the object. Yet, a lot of important information needed 
to produce the casting isn't given on the drawing. For ex- 
ample, usually, no information is given on how the part 
should be molded. In a few instances, however, when а 
certain special result is required, the molding method or the 
position of molding may be specified. Although the print 
normally contains only the basic information needed to 
produce the casting, it is with this information that each 
conferee first concerns himself. Не must get the dope off 
the print and into his head to the extent that he can close 
his eyes and see the part in complete detail. (If your ability 
to translate the lines and symbols on a print into the object 
represented is rusty, a review of Blueprint Reading, NavPers 
10077, isin order.) 

When the design of the part is complicated, it is often 
difficult to visualize the casting from the print. In this case 
it is helpful to construct a model of convenient size to elim- 
inate the possibility of error in visualization. But whether 
you visualize the object or scrutinize a model, the idea of the 
casting 1s taken on an imaginary trip through the several 
stages of production. In the imagination of the conferees, 
the pattern is made, the mold is rammed and poured, and the 
casting is machined, welded, and heat treated. At each 
stage, the problems likely to arise are discussed, differences 
of opinion are resolved, and decisions are made. 

Since an understanding of the other fellow’s point of view 
is an important factor in intershop cooperation, particularly 
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when planning work procedures, it may be useful to look at 
some of the thoughts that enter into the thinking of the Pat- 
ternmaker, Machinery Repairman, and the Metalsmith as 
they consider the problem of producing the casting. But 
first, of what do you think? 

A Molder will think of the kind of metal to be cast and 
the characteristics of that metal during melting, pouring, 
and solidification. And, as he studies the model or turns a 
visual image of the casting over in his mind, he will probably 
consider such additional factors as the following: 


1. 
2. 


д. 


10. 


Molding procedure involved—bench, floor, or pit. 

Sand practice to be employed—green or dry, natural or 
synthetic. 

Position of molding—which cross-sectional plane of the 
casting, all things considered, is best molded in a hori- 
zontal position? Which portion should be cast in the 
drag? 


. Location and kind of parting line—straight, irregular, 


or flatback. 


. Basic type of pattern—solid or split, loose or mounted, 


sweeps or skeletons. 


. Kinds of cores and methods of positioning—green, 


baked, or green-topped ; core prints and/or chaplets. 


. Location and design of gating system—top, bottom, step, 


whirl, or combination. 


. Location and design of risers—open or blind. 
. Design features of the casting, their relation to progres- 


sive solidification and the elimination of shrink de- 
fects—section thickness versus metal fluidity, areas of 
mass and the development of hot spots. 

Foundry techniques useful in overcoming production 
problems—internal and external chills, padding, and 
mold manipulation. 


А Patternmaker is concerned with many of these same 
factors. He, of course, looks at the production problem 
primarily from the point of view of constructing a pattern, 


but he, too, is concerned with the best method of producing 
the finished article. It should be remembered, however, that 
molding techniques are naturally the cognizance of the 
foundryman. The Patternmaker should follow the Molder's 
instructions in this respect. In brief, the Patternmaker's 
thoughts include: (1) position of molding; (2) parting line; 
(3) the kind of pattern and core boxes; (4) size of core prints; 
(5) views necessary for pattern layout; (6) contraction, dis- 
tortion, draft, and machine finish allowances; (7) projec- 
tions requiring loose pieces; (8) size of fillets; and (9) an 
overall pattern design that facilitates the production of a 
sound casting. In considering these factors the mental 
process of the Patternmaker is literally one of mental gym- 
nastics. For example, a void space in a casting is essentially 
& hole requiring a core. But the core is the reverse of 
the hole and the core box is the reverse of the core. Often 
the pattern, after provisions have been made for core prints 
and padding, just faintly resembles the shape of the casting 
that will eventually be made from it. This, of course, makes 
the Patternmaker's visualization task more difficult than that 
of the other members of the group. 

A Machinery Repairman’s main interest in the production 
procedure is the finishing operation. His concern is with the 
metal allowances which must be provided for milling, shap- 
"ing, and boring. Additional factors he'll consider аге tool 
clearance and methods of setting up the part in his equip- 
ment as well as the sequence of machining operations. He 
must decide upon the locations of layout pads when they are 
` required, 

The Metalsmith, on the other hand, will be concerned with 
the casting's design from the standpoint of heat treatment or 
welding. Аза rule, a casting whose design promotes direc- 
tional solidification is also satisfactorily designed for heat 
treatment. Where the final product involves the weld as- 
sembly of several cast parts, or when bosses and flanges are 
welded to the body of the casting, the contribution of the - 
Metalsmith may be significant in terms of simplifying the 
production procedure. 


The thoughts outlined in the foregoing paragraphs are by 
no means all-inclusive. 'Those enumerated, however, will 
probably be among those that arise during a planning con- 
ference. When presenting your views, illustrate them with 
rough sketches. They will make it easier for your associates 
to see what you mean and to appreciate the problem as you 
see it. After discussion all points of view and resolving the 
differences, basic decisions are made on the position of mold- 
ing, parting line, and the type of pattern to be constructed. 
When this agreement has been reached, the Patternmaker 
prepares his detailed layout. 

Since the requirements of size, shape, and number of cast- 
ings are specified by the blueprint and the job order, the con- 
ferees have little control over these factors. At the same 
time, though, these same factors play an important part in de- 
termining the procedure and equipment to be used. Size de- 
termines whether the job will involve bench, floor, or pit mold- 
ing. The number of castings required may be the crucial fac- 
tor in determining whether the pattern equipment involves 
match plates or a loose pattern. The overall design is a de- 
termining factor in selecting the parting line and the position 
of molding. Here, it is well to bear in mind that the fewer 
the partings, the less work required to make the mold. 

Figure 4—1 illustrates that even with a simple casting sev- 
eral alternative production methods may be available. Usu- 
ally, though, there is one method that is better than any of 
the others. It also demonstrates how cores may be used to 
simplify the molding problem. Here the decision on pro- 
cedure would be determined by the number of castings re- 
quired. The time and effort involved in making the core 
boxes and cores would have to be taken into consideration. 
For а half-dozen castings, the method shown at B probably 
would be selected. Оп the other hand, if а large number of 
these castings are required, the molding time involved in gag- 
gering the projecting portion of the cope, and the difficulty 
encountered by the Molder in rolling over the drag, may make 
the use of the coring methods shown at C and D a distinct 


ALL SECTIONS 
THROUGH MOLDS 
IN PLANE A-B 





C. ORY SAND CORE О. ORY SAND CORE (COVER 
CORE) WITHOUT COPE 
Adapted from О. T. Marek, “Fundamentals in the 
Production and Design of Castings,” 1950, John 
Wiley 4 Sone, Inc. 


Figure 4—1.—Various methods by which a given casting may be producod. 


advantage from the standpoint of time and effort expended by 
the Molder. 

When the Patternmaker completes a detailed layout for 
the casting, a second conference is held to approve the plans. 
Depending on the nature of the casting and the problems 
raised by its design, in-progress consultations at any stage 
of the work may be in order. Even after the first castings 
from the pattern have been completed, it may be necessary 
to consider changes to eliminate production difficulties and 
defects that may be revealed by experience. 


PATTERN EQUIPMENT 


Wood, metal, plastic, and plaster are among the materials 
commonly used industrially to construct pattern equipment. 
Of these, white pine, having a relatively straight grain, is 
the material from which the bulk of job foundry patterns are 
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made, particularly when fewer than 30 castings are required. 
When the number of castings to be produced from a wood 
pattern is from 30 to 100, a harder, more durable wood (such 
as mahogany) is used. 

Most of the common metals and alloys are also used in 
the construction of pattern equipment. Of the lighter 
metals, aluminum is preferred because of its light weight, 
resistance to rust and corrosion, and easy workability. 
Metal patterns have great strength, durability, and resist- 
ance to warpage. These are distinct advantages. Un- 
fortunately, the cost in time and labor makes their use pro- 
hibitive unless а large number of castings are to be produced. 
Further, metal patterns require the construction of & wood 
master pattern which is used to produce а rough metal pat- 
tern by regular foundry procedures. The master pattern 
must be made with double shrink—one to compensate for 
pattern metal shrinkage, the other to take care of metal 
shrinkage in the final casting—plus any allowances for 
finishing the metal pattern. You'll have few occasions to 
mold with metal patterns. 

The general characteristics of plastic patterns are light 
weight, close-grained surface, and moisture resistance. They 
do not require а protective coating of shellac. Because of 
their porcelain-like finish they are easy to draw from the 
mold. Core and molding sands have little or no tendency to 
stick to plastic patterns. Although the cost of making plas- 
tic patterns is somewhat less than that of metal patterns, 
their use is economical only when a large number of parts 
is to be produced. Plastic patterns also require master pat- 
terns which compensate for the shrinkage of the plastic when 
it solidifies as well as the usual allowance for metal shrinkage. 

The production of a plastic pattern involves а procedure 
similar to that of producing a casting in the foundry. 
Molds into which the plastic is poured are made of plaster, 
but wood and synthetic rubber are also used. After pour- 
ing, the entire mold is eubjected to a curing temperature of 
about 140? F for 4 hours, to harden the plastic. 
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Pattern equipment made from superstrength alpha gypsum 
cement has been used to advantage in both job and produc- 
tion shops. Advantages claimed for these patterns are that 
they retain their dimensions accurately under varying con- 
ditions of temperature and humidity, that few tools and 
equipment are required for their production, that only a mini- 
mum inventory of materials is necessary, and that plaster 
patterns may often be produced in less time than patterns 
made with other materials. 

Plaster patterns may be made by one or а combination 
of three basic methods: pouring or casting in molds, plastic 
working (screeding), and carving with shaping tools. In 
the first method, the plaster is mixed with water to the con- 
sistency of а free flowing slurry and poured into а wood or 
sand mold of the desired shape. When plaster is to be 
screeded or swept into shape with templates, its consistency 
is that of thick cream. "The shaping of plaster with carving 
tools is done after & roughly shaped plaster pattern has 
hardened. In this last instance, the techniques applicable 
to wood patternmaking are used to advantage. Since plaster 
is fragile, it is usually necessary to use wire, rod, or hair 
reinforcing materials to increase the pattern's durability. 
Like wood, a plaster pattern must be given several coats of 
shellac to prevent moisture absorption from the sand during 
molding. 


Classification of Pattern Equipment 


Although several different materials are used to construct 
pattern equipment, the equipment itself may be classified as 
follows: loose, single patterns, gated patterns, match plates 
or match boards, cope and drag patterns, and special equip- 
ment (skeletons, part patterns, and sweeps). The type of 
pattern selected depends partly upon the complexity and 
shape of the casting and partly upon the number of castings 
to be produced. With any class of pattern, cores may be 
required. 

Since а given casting can usually be produced with any 
of several types of pattern equipment, the Molder should be 
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familiar with the general characteristics of each type and 
the circumstances in which one type of equipment rather 
than another offers the greatest advantage. When you have 
to make a decision on the type of pattern equipment to be 
constructed for a given job, an important consideration is the 
cost of material and labor. However, it is not the cost of 
the pattern, but the total cost per casting produced, includ- 
ing the pattern, that is considered. Insofar as pattern cost 
in itself is concerned, sweep molding equipment and single, 
loose patterns are the least expensive to produce. But in 
terms of cost per sound casting produced from these patterns, 
. it is quite possible that more expensive equipment would be 
less costly in the long run. Here the crucial point is the 
volume of production. 

The SINGLE LOOSE PATTERN is of greatest use when only a 
few castings are to be made. From the Molder's point of 
view, it is a time consuming pattern to work since it requires 
the maximum number of hand molding operations. Often 
the time required to cut gates and risers by hand equals the 
time required to make the mold itself. But a more important 
consideration is the potential this type of pattern has for 
the production of uniformly sound castings. Frequently, 
when а number of castings are made from a single loose 
pattern, the quality of the castings produced varies because 
the size and shape of gates and risers provided differ from 
mold to mold. This difficulty is most apparent when the 
Molder's skill is not sufficiently well developed to exactly 
duplicate the desired gating system from one mold to the 
next. Another fault inherent in loose wooded patterns is 
that they warp easily and are subject to damage in handling. 

The GATED PATTERN represents a step in the direction of 
quality control. It may be a single or a multiple piece loose 
pattern as shown in figure 4-2. А gated pattern reduces 
the overall molding time and, in the case of multiple parts 
produced in one mold, the permanently attached gates serve 
to hold the severa] parts in their proper relationship to each 
other within the flask. More important, though, is the fact 
that this type of equipment cuts down the number of hand 
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Adapted from “Oast Metals Handbook,’ 1944, 
American Foundrymen’s Soctety 


Figure 4—2.—Gated patterns. 


operations, eliminates the possibility of variation in the size 
of the gates, and thus increases the probability that castings 
of uniform quality will be produced from the pattern equip- 
ment. Although the Patternmaker in this case forms the 
gates and risers as well as the pattern, this does not relieve 
the Molder of his responsibility for their design. Gated 
patterns, especially those made from wood, must be carefully 
handled since the relatively small gates are fragile. Like 
loose ungated patterns, gated patterns are subject to warp- 
age. Nevertheless, gated patterns represent an economical 
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improvement over ungated patterns when a small quantity 
of simple castings is required. 

MATCH BOARD Or MATCH PLATE equipment is indispensable 
where a fairly large quantity of small castings is to be made. 
Even though the number to be produced on a single job order 


Figure 4—3.— Match board: A. Cope side; B. Drag side. 
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is not unusually large (say 50 to 100), a match board may be 
in order if the part is one that is likely to be called for re- 
peatedly. A typical match board is illustrated in figure 4—3. 

Master or universal match plates made of wood, aluminum, 
magnesium, or steel may be purchased to fit any standard 
flask. Normally, though, the Patternmaker makes the board 
by glueing strips of wood together in such a way that warp- 
ing is prevented. The patterns for the individual castings 
are made up as single split patterns and mounted on the 
board with wood screws. To prevent wear during use, metal 
strips are usually attached at wear points on the board. 

Although the advantages of molding with match boards 
are fully realized only in the production foundry, the Navy 
foundryman can also benefit through their use in the pro- 
duction of small castings in bench molds. Assuming that 
the match board equipment is properly made, its use in- 
creases the Molder's efficiency by eliminating nearly all hand 
molding operations, produces castings of uniform quality, 
and increases yield by reducing the amount of scrap in the 
form of rejected castings. Further, mounted pattern equip- 
ment has a greater service life since it is more resistant to 
rough handling and warpage. 

Corr and DRAG PATTERN EQUIPMENT is in many respects 
similar to a match plate. The principle difference is that 
the drag portion of the pattern is mounted on one plate, while 
the cope portion is mounted on another. Castings produced 
with cope and drag equipment are larger in size than those 
produced with match boards. Both types of equipment pro- 
duce a dimensionally accurate mold with a minimum of hand 
molding operations. A further advantage of cope and drag 
equipment in production work is that two Molders can work 
separately on the job—one molds copes while the other molds 
drags. In the job foundry, cope and drag pattern equipment 
is seldom used because the volume of production is not suffi- 
cient to justify the cost of the pattern equipment. 

SPECIAL PATTERN EQUIPMENT is a catch-all category includ- 
ing follow boards, ram-up blocks, sand matches, sweeps, and 





Adapted from “Cast Metals Handbook," 1944, 
American Foundrymen'a Society 


Figure 4—4.—Cepe and drag pattern equipment. 


skeletons. Of these, the most frequently useful device is the 
follow board. It has two principle applications: To aid in 
the molding of irregular parting patterns, and to mold with 
patterns that would be too fragile if the pattern were split 
to form the parting line. А typical follow board is illus- 
trated in figure 4—5. "The device shown is essentially a spe- 
cial mold board into which a recess has been cut to fit the part- 
ing line of the pattern for which it is designed. Its use is 
the same as that of a regular mold board. The special name 
stems from the fact that the board is made for а particular 





Adapted from “Patternmaker’s Manual," 1958, 
American Foundrymen’s Society 


Figure 4—5.—Follow board. 


pattern and roLLows that pattern around during the drag's 
roll-over. Patterns having an irregular parting line may 
often be molded with greater ease and accuracy with a follow 
board so constructed that its surface matches the pattern's 
irregular parting plane. (See the discussion relating to 
figure 4-7.) 

RAM-UP BLOCES are special devices which support and pre- 
vent thin-shelled patterns from springing or breaking during 
the ramming operation. Asarule,the block is made of wood, 
but may be made of plaster in some instances. In either 
case, the block must accurately fit the portion of the pattern 
that it is to support. For the symmetrical pattern shown 
in cross section in figure 4—6, a wood block would be turned 
on a lathe. This block may be used as a loose auxiliary part 
or may be secured to the mold board, depending upon the 
Molder's preference. 

CROSS SECTION 
OF PATTERN 
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CROSS SECTION OF RAM-UP BLOCK ON BOARD 


Adapted from J. R. Hall, “Practical Wood Pattern- 
making,” 1948, McGraw-Hill Book Co., Inc. 


Figure 4—6.—Ram-up block. 


To provide similar support for the irregular type thin- 
shelled pattern shown in cross section in figure 4—7, a great 
deal of hand carving would be necessary. А simpler way 
to produce the supporting structure is to pour a casting plaster 


into а specially prepared mold which uses the pattern itself 
. as the main portion of the mold cavity. 'The procedure here 
is as follows: (1) place the pattern in the usual position for 
ramming the drag; (2) pack sand into the drag just tight 
enough to hold the pattern in position; (3) roll the drag 
over, check the pattern’s position for parting line accuracy ; 
(4) smooth the face of the mold and spread a thin coat of 
cup grease over the exposed surface of the pattern; (5) 
place, and weight (or clamp) the specially constructed frame 
shown in figure 4—7 on the drag; and (6) fill the void space 
with plaster mixed to & pouring consistency. Allow the 
plaster to set for 30 minutes. Then carefully roll the mold 
over, lift off the drag, and remove the pattern from 
the plaster. Then thoroughly clean the face of the plaster 
and the pattern. The dimensions of the wood frame placed 
on the drag in step (5) should allow at least a 2-inch clear- 
ance above the highest part of the pattern. Strips of wood, 
or nails driven part way into the frame, provide an anchor 
for the plaster. The hole provided in the cover board must 
be large enough to permit pouring the plaster mixture. 
Although the plaster ram-up device described herein is 
intended to serve as а pattern protecting and supporting 
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Adapted from J. R. Hall, “Practical Wood Pattern- 


making,” 1943, McGraw-Hill Book Co., Inc. 
Figure 4—7.—-Follow board supporting structure for irregular type pattern. 
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device, to prevent springing or breaking the pattern, it also 
functions as a follow board. Frequently it is difficult to dis- 
tinguish between a match plate, ram-up block, and a follow 
board. If it is necessary, make a distinction where a device 
serves more than one purpose; classify it according to its 
principle function. A sand match, which serves a similar 
function, is illustrated in figure 6-9. 

As you may recall from a previous discussion in Molder 
3 & 2, the mold for castings that are symmetrical about а 
central axis may be produced through the use of sweep mold- 
ing techniques. Insofar as the Patternmaker is concerned, 
this is probably the simplest type of pattern equipment. 
Boards (sweeps or strickles) whose edges are cut to the 
cross-sectional shape of the casting may be all the equipment 
furnished by the Patternmaker. 'The Molder does the rest. 
If the casting is symmetrical about a central axis, the Molder 
attaches the boards to an upright spindle securely centered 
in & bed of packed sand, and forms the mold by moving the 
sweeps through the bed until the desired mold shape is 
formed. Some simple shapes can be swept without a spindle 
through the use of a skeleton guide and strickle boards as 
illustrated in figure 4—8. 

Again the equipment furnished by the Patternmaker is 
simple. For the large diameter elbow illustrated, the 
Molder is provided a set of skeleton guides and strickles, one 
set each for the mold and core. Almost any reasonable 
shape and metal thickness can be swept with the proper 
templates and sweeps. However, the sweep technique is an 
economical procedure only when one or two castings having 
a relatively simple shape are required. When the shape is 
complex, sweeping is impractical. If more than a few cast- 
ings are required even a simple shape can be produced more 
efficiently with a pattern. The technique is employed so in- 
frequently in modern foundry practice that it is practically 
a lost art. In job shops such as those aboard repair ships 
and advanced bases, the use of sweeps and skeletons may be 
advantageous for certain classes of large but symmetrically 
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Adapted from “Patternmaker’s Manual," 1953, 
American Foundrymen's Society 


Figure 4—8.-—Skeletons and sweeps. 


shaped castings where repeat orders are unlikely. Here their 
advantage is twofold: The time and expense of pattern- 
making is negligible and the problem of storing a bulky 
pattern is eliminated. To construct a satisfactory mold 
with sweeps and skeletons is a real challenge to the Molder’s 
skill. | 
Factors Influencing Pattern Design 

With few exceptions, the pattern equipment used by Navy 
Molders is made from wood, usually white pine. Depending 
on the size and shape of the casting for which a pattern is 
required, the Patternmaker may turn the pattern parts on a 
lathe or carve them by hand from solid stock; or he may 
employ one or а combination of several typical methods of 
pattern construction illustrated in figure 4—9. 


114 





UL IU e A 
Уеа 
A 


C-SEGMENTAL 






Adapted from J. A. Shelly, "Patternmaking," 

+ 1920, The Industrial Press and “Patternmak- 
ors Manual," 1958, American Foundrymen's 
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Figure 4—9.—Typical pattern construction methods. 


But whatever the construction method employed, the pat- 
tern must embody certain features if it is to satisfactorily 
play its part in the production process. For example, the 
pattern must provide for contraction and distortion dur- 
ing the casting's solidification ; it must possess sufficient draft 


to enable the pattern to be drawn from the mold; it must al- 
low for machine finishing. Further, more complex shapes or 
those having projections such as bosses, ears, flanges, and 
lugs, may require the use of loose pieces. You are familiar 
with most, if not all, of these pattern features. However, 
since these features play such an important part in a produc- 
tion planning conference, it may be advantageous from the 
standpoint of clear thinking to discuss them briefly. 

To understand shrink and distortion allowances and their 
control, a knowledge of how metal responds to temperature 
changes is fundamental. А given volume of metal at room- 
temperature expands in size with continued heating. This 
expansion may be thought of as occurring in two phases; 
(1) the change in volume that occurs while the metal is in a 
solid state; and (2) the change in volume that occurs while 
the metal is in a liquid state. (Another change in volume oc- 
curs while the metal is in the liquid-solid transition phase, 
but it is not pertinent at this point.) Foundrymen are not 
directly concerned with the volume growth behavior of a 
metal when it is heated. They are, however, very much con- 
cerned with the behavior of a metal as its temperature de- 
creases from that of a fluid to that of а room-temperature 
solid. Here, though, the volume change sequence is in the 
reverse order. | 

To get a picture of volume change in the liquid and solid 
states, consider a top-poured cylindrical billet cast in a verti- 
cal position without the use of gates or risers, and to which 
no additional metal is added after the mold cavity is initially 
filled. When the pouring is completed, the metal level is 
flush with the top surface of the mold. Here the metal occu- 
pies 100 percent of the mold's volume. After the billet cools 
to room temperature the original mold volume occupied is 
somewhat less than 100 percent. Inspecting the billet, we 
see an inverted cone-like depression in the top of the billet. 
Further, the billet's length and diameter are slightly less 
than that of the original mold. This total reduction in 
volume is the cumulative result of volume decreases in the 
liquid and solid states. The cone-like depression represents 


the metal's volume decrease while cooling during the liquid 
state; shortening of the length and diameter represents 
volume decrease while the metal cools in the solid state. 

In common terminology, shrinkage describes the total 
volume change. But many modern foundrymen now make a 
distinction. For them, the term shrinkage applies to the de- 
crease in volume occurring during the change from а liquid 
to а solid state, while contraction applies to a volume change 
after solidification. The Molder compensates for shrinkage 
through the provision of risers which supply extra metal 
where it is needed to make up for the decrease in volume 
resulting from cooling in the liquid-solid state. The Pat- 
ternmaker provides for contraction, or the decrease in volume 
occurring in the solid state, by making the pattern slightly 
oversize through the use of a shrink rule. 

Although experimental investigations are presently being 
conducted to learn more about the behavior of metals, little 
quantitative information is available on the shrinkage of 
metals and alloys while in the molten state. It is known, 
however, that all metals commonly used in the foundry, with 
the possible exception of bearing metals, decrease in volume 
in various degrees during cooling. Of these metals, the liq- 
uid shrinkage of steel is greatest, with manganese-bronze 
ranking second. Steel’s decrease in volume while in the liq- 
uid state has been calculated as 1.6 percent per 100° C de- 
crease in temperature. The value for manganese-bronze is 
1.25 percent per 100° C decrease in temperature. Similar 
values for other alloys are not available, but from their ob- 
served behavior, it appears that their shrinkage is consider- 
ably less than that for steel. The methods used by the 
Molder to compensate for shrinkage are discussed in chapter 
10. Here we are concerned with allowances made on the 
pattern to compensate for contraction and distortion. 

The decrease in volume that occurs in the common casting 
metals after they have solidified and cooled to room tempera- 
ture is fairly well known. Each metal has its own contrac- 
tion characteristics, yet, а single value cannot be assigned 
that will cover all conditions. In any particular situation, 
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the amount of contraction per foot depends on the size of the 
casting being produced, the general design, and the kind of 
metal involved. This point is illustrated by the data pre- 
sented in table 2, which lists the amount of contraction that 
usually occurs when castings of various sizes are cast from 
different metals. | 

Since the contraction allowances listed are based on a vast 
amount of experience, they should be used for the general run 
of jobs. It should be remembered, though, that the allow- 
ances listed assume normal unrestricted contractions. When 
the casting's design is such that normal contraction does not 
occur, or is partially restrained in a portion of the casting, it 
may be necessary to use a modified value or construct a modi- 
fied pattern. The cause of abnormal contraction is usually 
mold resistance to the forces of contraction. If the mold or 
core cannot be modified to permit contraction (1. e., by ram- 
ming less tightly or providing a core of greater collapsabil- 
ity) the allowance will have to be made on the pattern. 

The dimensional accuracy of most castings is satisfactory 
when the pattern is made with the usual shrink rule measure- 
ments. Occasionally, a pattern must be so constructed that 
it will compensate for distortion resulting from uneven con- 
traction which cannot be eliminated from the design. Here, 
it is necessary to break the casting down into its component. 
parts and analyze each basic element in terms of the prin- 
ciples governing its contraction in the mold. A typical ex- 
ample is a casting having the shape of a U. If the pattern 
possesses the shape of the desired casting (excepting of 
course, normal contraction, draft, etc.), the open ends of 
the solidified U will appear to have spread. This so-called 
spreading occurs because the mold offers resistance to metal 
contraction. However, the ends have not really spread; in 
fact, the open-end distance is less than that of the pattern 
even though the contraction at this point is less than normal. 
What has happened is that the closed end of the U con- 
tracted or foreshortened normally, while contraction at the 
open ends was restrained, giving the casting the appearance 
of having spread. To overcome distortion of this sort it is 


necessary to purposely construct а distorted pattern by mak- 
ing the sides converge enough to compensate for mold re- 
sistance between these members. This technique is known 
aS FAKING THE PATTERN. 

Basic elements in addition to the U are the I, H, V, L, Y, 
О, and C. Some of these elements contract normally, others 
do not. In analyzing a casting to determine where distor- 
tion will occur, the basic principles to remember are: (1) 
contraction follows the lines of metal structure; (2) distor- 
tion results when contraction is unequal; and (3) distortion 
does not occur when the lines of contraction meet at a junc- 
tion of members because neither member is effected by the 
other. А study of figure 4—10 in conjunction with the follow- 
ing paragraphs will clarify this concept. 

Design elements in the normally contracting group (I, V, 
L, and Y) foreshorten in the same manner as a straight bar. 
The V will serve as а typical example of this group. At 
first glance it may appear that this design is effected by 
mold resistance in the same manner as the parallel members 
of the U. But this is not the case. Since the lines of con- 
traction in each leg meet at a juncture, the contraction of 
one member is not effected by the other. The legs shorten 
normally, but they do not alter their position; thus faking 
is not required. 

Basic elements that are subject to distortion either through 
the effects of contractive forces or a failure on the part of 
foundrymen to understand contraction phenomena may be 
classified into three distinct groups: (1) the U and H, (2) 
the C, and (3) the О. The Н, like the U, has intercon- 
nected parallel members of sufficient length to partially en- 
close a considerable body of sand which in turn restricts 
movement in response to contraction. While cooling, the 
connecting member of the H contracts and tends to pull the 
parallel elements together. But at the same time, the sand 
between these members offers resistance to movement. Asa 
consequence, the parallel members in the area of the connect- 
ing member are drawn towards each other by the contractive 
forces at work within the connecting member. Movement 
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Adapted from “Patternmaker’s Manual,” 1958, 
American Foundrymen’s Society 


Figure 4—10.—tLines of contraction in basic design elements. 


of the extremities of the parallel members is restrained by 
the sand's resistance to compression. Since the metal is still 
plastic while these opposite but interacting forces are at 
work, one portion of the casting is enabled to move through 
a greater distance in response to the contractive force than 
the other. The result, of course, is distortion in that the 
casting does not have the dimensional accuracy specified. 
This is not to say that contraction occurs only within the 
connecting member. The parallel elements also contract, 
but the contraction here is normal, unrestricted, and proceeds 
toward the junction. "Thus, the contraction plays no part in 
the distortion picture. This tendency of an H-shape to 
warp is overcome by converging the parallel members suffi- 
` ciently to allow for the distortion. 

The C-shaped casting is perhaps the most surprising of 
the basic elements. Since it is а segment of a circle many 
Molders and Patternmakers assume that it responds to the 
same forces of contraction. That a circular casting de- 
creases its radius upon solidification and cooling to room 
temperature is a well known phenomenon. But to assume 
that а segment of а circle responds in the same way is an 
erroneous assumption. Inthe C, the basic rule—contraction 
follows the lines of metal structure—is applicable. Con- 
traction follows the lines of the arc, not the radius. If 
pattern development for а C-shaped bearing shell is based 
on the premise that the radius will decrease during contrac- 
tion, the casting will have a spread appearance. This spread 
appearance is not due to distortion; the pattern was incor- 
rectly laid out. To produce a dimensionally accurate C, the 
radius of the arc is laid out with norma] rule measurements. 
Since contraction follows the lines of metal structure (in 
this case, the arc) the allowance for contraction must be 
made along the arc. No distortion allowance is necessary. 

Another type of C-shaped casting that presents a some- 
what different problem is the flat, C-shaped gear segment. 
Like the C-shaped bearing shell, contraction in the gear seg- 
ment follows the lines of an arc; thus а common rule radius 
is required. But here are two arcs some distance apart be- 
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tween which metal contraction will occur. The solution to 
the contraction problem here is to lay out а common rule 
datum line arc having a radius equal to the neutral axis arc 
of the segment. Using the datum line as a reference, the 
pattern is developed with shrink rule measurements. If the 
datum line, or the radii of the bounding areas are developed 
with shrink rule measurement radii, the casting will not have 
the required dimensional accuracy in that the pitch circle 
and gear teeth will not be in their correct relative positions. . 

А ring or O-shaped casting is an exception to the rule 
that contraction follows the lines of metal structure. Here, 
even though no metal structure exists in the central portion 
of the ring, the contraction is effective along radial lines and 
its diameter decreases just as if it were solid. It should be 
noted that а solid segment of a circle in contrast with the 
C-shaped casting also contracts along radial lines. The dif- 
ference in contraction phenomenon between the C and the 
solid segment is fundamental. So long as an O-shaped cast- 
ing remains intact it contracts along radial lines, but if the 
ring were to rupture, contraction would follow the lines of 
metal structure; a gap equivalent to the amount of shrinkage 
along the circumference would exist and the diameter would 
not decrease. 

In view of these examples, a rule of metal contraction may 
be stated as follows: Contraction occurs between any two 
points within the metal structure of the casting. It does not 
occur between a point on the casting and one removed from 
it by any distance. Like most rules, it has an exception; 
the O-shaped casting. Although few casting designs are as 
simple as those we have discussed, contraction and distor- 
tion problems can be resolved by analyzing the problems in 
terms of the principles illustrated by the basic designs. 

A pattern allowance of particular importance to the Molder 
is draft. Unless this taper is provided on the vertical sur- 
faces of the pattern, the pattern cannot be removed from the 
mold without excessive rapping, or damaging the mold wall. 
The amount of draft required on a particular pattern is 
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governed primarily by the size and shape of the pattern and 
upon the sand practice being employed in the foundry. 

In green sand molding, interior surfaces of patterns require 
more draft than exterior surfaces. So long as it doesn't 
distort the functional lines of the pattern, it is advisable to 
provide liberal draft. In any case, the draft on surfaces at 
right angles to the pattern face (parting line) should not 
be less than 1?. Usually, this allowance is added to the 
pattern. Inthose instances where a reduction in wall thick- 
ness is not objectionable or where an increase in dimensions at 
the face of the pattern is functionally objectionable, draft 
may be provided by subtracting the taper from the casting 
dimensions specified. Whether added or subtracted, the 
taper always runs away from the pattern face. If no sur- 
faces are at right angles to the pattern face, draft is not 
necessary. 

The draft provided on the vertical surfaces of cores should 
be а minimum of 2? to facilitate setting. It was pointed 
out that the outside diameter of the pattern is slightly larger 
at the pattern face that at the bottom of the mold. "The op- 
posite is true of the vertical core; it is smaller at the parting 
line than at the bottom of the mold. Vertical cores also 
require a closing clearance allowance to avoid crushing the 
cope when the mold is closed. 

T wo allowances in addition to those already mentioned are 
frequently required: machine finish and tool clearance al- 
lowance. The amount of allowance for machine finish de- 
pends upon the kind of finish specified for the casting as well 
as the mold location of the finish area. Whenever possible, 
surfaces to be machined are located in the drag. When 
this is impossible, it is necessary to provide an extra allowance 
to take care of any slag or dirt that may come to the surface 
of the casting in the cope. The usual machine finish allow- 
ance for castings of various sizes and metal composition are 
indicated in table 3. 

From the standpoint of the Machinery Repairman the pro- 
vision of adequate tool clearance is just as important as extra 
metal for machining. 'The Molder has little concern with 
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this feature of a pattern except as it may relate to the location 
of gates and risers. At any rate, there must be sufficient 
space to start and finish the cut. There may be a need also 
for lugs and bosses to set up the job for machining. Since 
the allowances necessary here depend on the job at hand, they 
will have to be worked out in the planning conference. 


TABLE 3.— Machine Finish Allowance Guide 


























Casting alloys Pattern size Bore,inch | Finish 
Cast iron. ................- Up to 12 in....... 4 3$1 
13 to 24 in......... Ke * 
25 to 42 in......... 4 Ke 
43 to 60 in........ Мв М 
Cast в{ее1______.----------- Up to 12 in....... Ke и 
13 to 24 іп____._.. 14 Ke 
25 to 42 in........ Me Ke 
43 to 60 in........ M % 
Malleable iron. ............- Up to 6 in........ Ke Me 
6 to 9 in.......... 3s Ив 
9 to 12 in......... 32 зз 
12 to 24 in........ Ss ^ 
24 to 35 in........ Ke Ke 
Brass, bronze, and aluminum | Up to 12 in... *⸗ Jie 
alloy castings. 13 to 24 in... Ke 4 
25 to 36 in........ Me Ks 


Reprinted from “Cast Metals Handbook," 1944, American Foundrymen’s Society 


The provision of a draft allowance does not always solve 
the problem of getting the pattern out of the mold while 
at the same time forming a mold cavity having the desired 
size and shape. Frequently the casting’s design has pro- 
jecting elements that prevent the pattern from being drawn 
from the mold in one operation. This is a common prob- 
lem. It is solved through the use of loose pieces or a draw- 
back, as illustrated in figure 4-11. 
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Adapted from J. А. Shelly, “Patternmaking,”’ 
1920, The Industrial Press 


А. loose piece is а pattern part that remains in the mold 
while the main body of the pattern is removed. This piece 
is carefully drawn from the mold side wall into the main 
mold cavity, then lifted out of the mold. A drawback serves 
а somewhat similar function. Instead of being a pattern 
part, the drawback is а green-sand mold part rammed-up 
into the mold on a supporting structure so that it may be 
drawn back and lifted away to clear an overhanging por- 
tion of a pattern and thus permit the pattern removal. After 
the pattern has been removed, the drawback is relocated in 
the mold to form the mold cavity. In essence, & drawback 
is а special kind of green-sand core produced with a special 
molding technique. The mold face contour of the drawback 
is formed by the pattern itself rather than by a special core 
box. The technique is particularly useful when an old part 
is to be used as the pattern or when a single large casting is 
required and the cost in time and labor to construct an 
elaborate core box is not justifiable. А more detailed dis- 
cussion of the drawback is presented in chapter 6. (See 
fig. 6—10.) 


PRINCIPLES OF CASTING DESIGN 


Unless certain fundamental principles have been incor- 
porated into a casting's design, the probability of producing 
a metallurgically sound casting is considerably reduced. 
Normally, the design of a cast part is the responsibility of an 
engineer. Occasionally, though, the Molder, in cooperation 
with the Patternmaker, may create a new part or redesign 
an old part that has prematurely and repeatedly failed in 
service. Should you be called upon to make suggestions for 
a part's design, organize your thoughts around the following 
principles: 

First of all, keep the design as simple as possible. A 
symmetrical casting is easier to mold than an odd shape. 
But if symmetry is impossible, don't make the problem of 
parting any more diffieult than necessary. Along with over- 
all simplicity, section thickness should be no greater than 
that needed to meet the strength and/or weight requirements 


specified. There are, however, limitations to how thin a 
casting's wall thickness can be. Wall thickness must be suf- 
ficient to assure proper running of the metal in the mold. 
Just as metals differ in shrinkage and contraction character- 
istics, so do they differ in their ability to flow through thin- 
sectioned mold passages without prematurely solidifying. 
The minimum section thickness through which a metal will 
normally flow is indicated in the following guide: 


Inch 
CASE IFO 16 
MiBel. o nx 84g 
Brass and һгоп®е___.-_-.------------------------------ %42 
Айат1ппт________--.--------—------------------------- % 


An erroneous conception held by many is that the strength 
of a cast part necessarily increases along with greater section 
thickness; research has shown that this is not true. Actu- 
ally, the strength and ductility of a metal as measured at the 
center of a cast section and, to a lesser degree, the outside de- 
creases as the mass increases. A massive section should be 
used only when light sections reinforced by ribs or hollowed 
portions will not accomplish the purpose desired. 

Few of the functions performed by castings are such that 
sectional thickness can be uniform throughout. Within the 
limits of feeding to soundness discussed in chapter 10, a uni- 
form section is satisfactory. As a rule, though, a properly 
tapered section is ideal from the standpoint of producing a 
sound casting. Where the part’s function makes differences 
in cross-sectional thicknesses unavoidable, the transition from 
light to heavy sections should be gradual and well propor- 
tioned. Sectional thicknesses that vary no more than 80 to 
120 percent of the average thickness of the component mem- 
bers can usually be cast free of defects without taking extra 
precautions so long as an easy contour is used to make the 
transition between the two parts, and the heavy part is suit- 
ably risered or chilled. As a rule, the sectional thickness of 
inner portions of a casting should be less than that of outer 
walls; inner sections should not be more than 70 to 90 percent 
of the thickness of outer sections. The general principles of 
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Adapted from O. Smatley, “Fundamentals of 
Casting Design,” 1950, Meehanite Metal Corp. 


Figure 4—12.—Properly and improperly proportioned wall sectiens. 


proportioning and blending sections of a casting are illus- 
trated in figure 4—19. 

А most important consideration in casting design is the 
manner in which members form intersecting junctions. In- 
tersecting members of equal size do not create a problem if 
the joint location can be directly fed by a riser. All too fre- 
quently, though, it is impossible to feed these members di- 
rectly. One way to avoid an area of excessive mass and at 
the same time obtain а more uniform section is to stagger in- 
tersecting members of equal cross section as shown in figure 
4-13. When the cross section of the equal-sized intersect- 
ing members is large (214 inches or more), and the intersec- 
tion has the form of a T, Y, or X, greater uniformity of sec- 
tional thickness may be obtained by coring out the hot spot 
area as shown in figure 4—14. 


سل 


Adapted from “Сагі Metals Handbook," 1944, 
American Foundrymen’s Society 


Figure 4—13.—Staggered members provide more uniferm metal section. 





Adapted from “Cast Metals Handbook," 1944, 
American Foundrymenae Society 


Figure 4—14.—Uniform sectional thickness obtained in heavy intersecting 
members through the use ef ceres. 


The problems presented by intersecting members having 
unequal cross sections are similar to but somewhat more criti- 
cal than those whose members are of equal size. Since the 
thinner member solidifies more rapidly it draws metal from 
the heavier member. Again, if the heavy member can be 


adequately fed from a riser, shrink defects will not occur. 
But, if the point of junction cannot be properly fed, the 
intersection's design must be proportioned so that the transi- 
tion is gradual and wall thickness is reasonably uniform. 
The comparison made in figure 4—12 illustrates the principle 
involved. | 

Most instances of heavy and light intersecting members 
are in the form of flanges, ribs, and webs. Where the use of 
adequate risers or sectional proportioning is not feasible, the 
problem may often be solved through the use of chills (dis- 
cussed in chapter 10) or through the use of padding which 
is a special technique employed only when other methods 
will not produce an equally sound casting. 

As illustrated in figure 4—15, padding refers to the addition 
of extra metal in selected portions of a casting to provide & 
tapered section with a gradual change in sectional thickness, 
rather than the abrupt change required by the design. 
Padding is also used to provide the necessary taper to a uni- 
formly designed section. Like risers, the only purpose of 
padding is to help produce a sound casting. The extra metal 
is removed in the machine shop. When padding is employed, 
it isincluded in the pattern's design. 

Where padding is almost a last resort (to be avoided if 
at all possible), the use of fillets is a must on all but the 
simplest of designs. Whenever portions of a casting form 
an angle a fillet is required. Without fillets heat and stress 
would concentrate at the apex of the angular intersections. 
This in turn would develop a large grain structure and a re- 
duction in strength, if not an actual rupture. The purpose 
of fillets then, is to eliminate or minimize heat and stress 
concentrations by distributing them over a larger area. 

The size of a fillet depends on several factors—the metal, 
shape, and thickness of the wall section, and the size of the 
casting. Fillets that are too large are just as bad as none 
at all. If the fillet is too large an excess mass of metal exists 
which creates & problem of feeding unless a similar fillet 
can be placed on the other side. In this case, the larger the 
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PADDING 






PADDING 


PADDING 


Adapted from “Cast Metals Handbook," 1944, 
American Foundrymen’e Society 


Figure 4-—-15.—Examples ef padding. 


fillet the better. A good rnle of thumb is to make the radius 
of the fillet one-half to one-third the size of the wall thick- 
ness of the casting 


T-T 


.(Re--or— 
2 3 


Fillet radii for the usual sizes of castings are one-nair ше 
cross-sectional thickness; for large castings the fillet is one- 
third the wall thickness. When the intersecting sections 
vary in thickness, use the average of the two thicknesses as 
T in the determination of fillet size. In general, fillets should 
not be larger than 1-inch radius regardless of casting size. 

Bosses, lugs, and pads projecting from the surface of the 
main body of the casting are often a source of defects unless 
their design permits them to blend into the main wall with- 
out upsetting the principle of uniform cross-sectional thick- 
ness. Too often the boss has the appearance of being added 
on rather than designed into the casting. This point is illus- 
trated in figure 4-16. Note that the improved design on the 
right eliminates excess mass, thus reducing the probability 
of shrink defects that are likely to develop when the design 
is like that on the left of the illustration. When the boss is 
thicker than the cross section of the casting, it cannot be fed 
unless it is risered or chilled. The same general principle 
applies to other projections. If it is at all possible, the use 
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Adapted from О. Smalley, “Fundamentals of 
Casting Design," 1950, Meehanite Metal Corp. 


Figure 4-—-16.— Designs fer belting and bearing besses. 
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of bosses, pads, and lugs should be avoided. Where they 
cannot be avoided, make the metal section between projec- 
tions and the main body of the casting as uniform as possible. 

The primary use of ribs is to reinforce the casting which 
increases strength without increasing overall wall thickness. 
It is also possible, through the use of properly designed ribs 
to overcome the tendency of large flat areas to distort. In 
general, the cross-sectional thickness of reinforcing ribs 
should be about 80 percent that of the main wall; their depth 
should be appreciably greater than their thickness by a ratio 
of about 1.5 to 1. Ribs shorter than this are ineffective; ribs 
whose cross sections are heavier than the main wall hinder 
solidification because of their relatively larger mass. To be 
effective a rib must solidify before the member to which it is 
adjoined, otherwise it will contain shrink defects and will 
not aid in cooling the casting properly to prevent distortion. 
Like other intersecting members, the design of ribs should 
be staggered, angles must be filleted, and proportional thick- 
nesses maintained. 

We have made reference to the fact that cores are often 
useful as а device for reducing the mass of metal at inter- 
secting members that are difficult or impossible to feed with 
& riser (fig. 4-14). There are limits to the use of cores for 
this purpose. Usually, best results are obtained when the 
core diameter is not less than one-half the section thickness 
of the casting. Generally, though, the problem should be 
solved through a design which avoids the use of this type 
of core. 

In the overall picture, patterns designed to leave their 
own green-sand cores are preferable. Usually, where the 
diameter of the desired cavity is not less than its depth, and 
where sufficient draft can be allowed, a green-sand core serves 
satisfactorily. The elimination of deep pockets and recesses, 
multiple or irregular partings, and complex intersecting 
members are steps in the right direction in designing a sound 
casting. Sometimes it is advantageous to add some parts 
to the main body later by weld assembly, or to break the job 
down into two or more less complex units. Weld assembly, 


835348 0—50-——10 
135 


of course, is possible only when the metal involved is weld- 
able. Each problem is unique. Each casting design must 
be considered on its own merits. No set of rules will make 
а designer; rules serve only as a guide. 


SUMMARY 


Producing a casting involves the cooperative efforts of 
skilled craftsmen who have a knowledge of the principles 
and techniques used to solve problems that arise in the 
foundry. By studying the part to be produced and planning 
each phase of the procedure before any actual work is started, 
it is possible to consistently produce sound castings econom- 
ically. It was pointed out that the planning conference pro- 
vides а means for selecting the best way to do a job since 
it offers an opportunity for supervisory personnel to ex- 
change viewpoints, anticipate problems, offer suggestions. 
resolve differences of opinion, and make basic decisions. 

In the planning conference, the primary consideration is 
the production of a metallurically sound casting. The first 
step in this direction is a decision on the position of molding. 
Subsequent decisions on allowances, pattern equipment, and 
techniques depend on the kind of metal to be cast, the size 
of the casting, and the number of castings to be produced. 
In one set of circumstances, the part may be produced in one 
way, under other conditions another procedure may offer 
greater advantages. 

Although pattern equipment may be made from plaster, 
plastic, wood, or metal, the equipment may be classified 
according to its simplicity and the advantages offered. 
Loose patterns are of greatest use where only a few castings 
are to be made, but they do not produce sound castings as 
consistently as gated patterns. For the job shop, mounted 
wood patterns and match boards represent the pattern equip- 
ment that offers a means of producing a relatively large 
number of dimensionally accurate castings with а minimum 
of time and effort. This class of equipment is also a worth 
while investment for small runs which are repeated periodi- 
cally. Where the shape of the part is symmetrical and only 
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on or two castings are required, the use of sweeps may 
prove to be most economical. When the parting line is ir- 
regular, or when the pattern for the part is fragile, it may 
be necessary to use such special equipment as ram-up blocks 
and follow boards. 

Regardless of the kind of material from which the various 
classes of pattern equipment are made, allowance must be in- 
corporated into the pattern's construction if it is to serve 
its proper function. These allowances include draft, con- 
traction (shrinkage), distortion, and finishing. In each case 
the allowances provided vary with the metal used and the 
size and overall design of the casting. 

From a consideration of the elementary shapes that 
various parts of a casting may have (U, H, V, L, Y, O, and 
C), it was shown that the basic rule to apply when ana- 
lyzing a casting in the light of distortion resulting from 
uneven contraction is: Contraction follows the lines of metal 
structure with а decrease in dimensions occurring between 
any two points within the metal structure of the casting. 
Ап exception to the rule is the ring or O-shaped casting 
which contracts along radial lines as if it were a solid. In 
some instances (U and H), it is necessary to fake the pattern 
to control distortion ; but in the remainder of instances, what 
appears to be distortion is really incorrect pattern 
development. 

Although designing castings is not normally a function 
of the Molder or Patternmaker, some principles of design 
have been presented to serve as a guide in the event that 
repeated failure of a cast part indicates that redesign is 
necessary. ‘These principles may be summarized as follows: 


1. Keep the part as simple as possible. 

2. Use minimum section thicknesses; extra metal does 
not necessarily mean extra strength. 

9. Avoid irregular parting lines and deep pockets: use 
pattern designs that form their own green-sand cores, 
when possible. 

4. Proportion sections of differing thicknesses so solidifi- 
cation occurs from the point most distant from the riser. 
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5. Stagger intersecting members to avoid exeess areas of 
mass. 

6. Avoid the use of padding unless it is essential to the 
production of a sound casting. 

T. Use fillets of sufficient size to distribute heat and stress 
concentrations, but remember that fillets too large are 
as bad as none at all. 

8. Design projections such as bosses and ribs so that they 
contribute to progress solidification and cooling. 


Although the pattern's production is not the Molder's re- 
sponsibility, he has a vested interest in the pattern because 
it is a tool of production. To produce sound accurate cast- 
ings, the Molder needs good tools. "Through understanding 
and cooperation with the Patternmaker, the Molder can 
assure himself of better patterns. 
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1. 


QUIZ 


What is the principal objective of а production planning con- 
ference? 


2. After а careful study of the blueprint, which of the many prob- 


lems to be considered should be resolved first? 


8. Why is a cast part taken on an imaginary trip through all phases 


of its production before actual work is begun? 


4. What are the major points considered in the planning conference? 


5. 
6. 


1. 


8. 
9. 


Name three basic techniques used in making plaster patterns. 


How is the cost of pattern equipment calculated when a decision 
on the class of equipment to be used on a job is required? 


What difficulties are inherent in loose, wood patterns and how may 
these difficulties be overcome? 


What is the principal function of а ram-up block? 
When is sweep molding an economical technique? 


10. Differentiate between shrinkage and contraction. 


11. 


12. 


13. 
14. 


15. 


Account for the distortion known as SPREADING in a U-shaped 
casting. How is this tendency overcome? 


What basic rule should be kept in mind when analyzing a casting 
for possible distortion? 


What design elements contract normally? 


How does the contraction of a C-shaped casting differ from that 
of a ring or O-shaped casting? 

Why is contraction normal in the V and other members of its 
group? 


16. Why is a minimum of 2° taper provided on the vertical surfaces 


17. 
18. 


of a core print? 
Differentiate between a loose piece and a drawback. 


What is the relationship between section thickness and the strength 
and ductility of a cast section as measured along the center line 
of the section? 


. To what extent may sectional thicknesses vary within the same 


element before special precautions must be taken? 


20. How can areas of mass be avoided where component members of 


a casting intersect? 
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CHAPTER 





SAND CONTROL 


ROUTINE OR EMERGENCY CONDITIONS 


Sound castings are produced when all factors relating to 
pattern design, sand condition, molding technique, melting, 
and pouring have been regulated so that conditions responsi- 
ble for the development of casting defects are eliminated. 
In chapter 4, the significance of pattern design was em- 
phasized. Subsequent chapters will treat molding, melting, 
and pouring. Here we are concerned with the procedure for 
determining, developing, and controlling the properties of 
foundry sands and the relationship between sand conditions 
and sound castings. 

Where sand control procedures have been made a part of 
the foundry's day to day operations, the primary purpose 
is to check the properties of molding and core sands as they 
are prepared for use. Here too, these techniques determine 
the effect of continued use on the condition of old sand and 
help to isolate the cause of casting defects arising from sand 
conditions. Further applications of sand control techniques 
include their use in tests designed to develop the best combi- 
nation of sand properties for a given class of castings. 

Even though the sand you obtain from the supply depart- 
ment normally measures up to the Bureau of Ships' speci- 
fications for grain shape, grain fineness, grain distribution, 
and clay content, sand control techniques are of value as a 
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double check as well as a means of establishing the basic rec- 
ords with which subsequent test results may be compared. 
If normal conditions prevail, and the supply department is 
able to fill your requirements, sand control, insofar as it is 
а valuable tool in the selection of new foundry materials will 
be of only potential use. But suppose that your ship is at 
an isolated wartime overseas base; your supply of molding 
sand is exhausted ; and the supply department is unable to 
fill your request for material. An unlikely situation? It 
happened during World War II. You may have heard one 
of your shipmates tell how he helped search for suitable sands 
in Australia, New Guinea, or any one of a dozen other Pacific 
outposts; and how his shop finally obtained a sand suitable 
for the job that had to be done. Usually the suitability of 
these emergency sands was determined entirely by sight, by 
feel, and by trial and error. Sometimes it was necessary to 
haul sand from several sources before that “satisfactory” 
sand was obtained, 

By using the sand testing techniques discussed in this 
chapter, you can determine the suitability of possible emer- 
gency sources of molding and coremaking sands with a 
minimum of difficulty. Instead of making an on-the-spot 
decision, the Molder who is familiar with and capable of 
making tests and analyses of foundry sand would obtain a 
small sample (say 5 pounds) from each of the likely sources. 
Then, after returning to the ship and running a series of 
tests, he would decide on the basis of the test results which 
source provided the best sand for his purpose. This does not 
mean that sight and feel are unimportant in considering 
sources of emergency sand. Many deposits can be elimi- 
nated by sight. But often, even when a sand looks and feels 
right, a series of tests may reveal that it isn't. 

More important than sand control as a device for select- 
ing material from emergency sources is its use in routine 
foundry operations. Here it will aid you in developing and 
controlling the properties of molding and core sands, will 
serve you in isolating and eliminating the cause of casting 
defects that arise from the use of faulty sand practices, and 
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CRUSH SAMPLE ЮА TO ЫМ, SIZE 


ROLL ON BLANKET 






CRUSH SAMPLE 22-A, А ROLL ON BLANKET FORM CONE AFTER MIXING 


Adapted from “Foundry Sand Handbook," 1958, 
American Foundrymen's Society 


Figure 5—1.—Reducing a sample by alternate shovel and quartering method. 
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QUARTER AFTER FLATTENING SAMPLE DIVIDED INTO RETAIN OPPOSITE QUARTERS A, A. 
CONE QUARTERS REJECT QUARTERS B, B. 





QUARTER AFTER FLATTENING SAMPLE DIVIDED INTO RETAIN OPPOSITE QUARTERS A. A. 
CONE QUARTERS REJECT QUARTERS B, B 





QUARTER AFTER FLATTENING SAMPLE DIVIDED INTO QUARTERS 


Adapted from “Foundry Sand Handbook,’ 1958, 
American Foundrymen’e Society 


Figuro 5-1.—Reducing a sample by alternate shovel and quartering method — 
Continued. 


143 


will help you determine when to discard а worn out sand. 
Also, the experience gained in sand testing and analysis will 
increase your ability to discriminate between satisfactory 
and unsatisfactory sands by both sight and feel. 


SAND ANALYSIS AND TESTING 


Two kinds of information become available through sand 
analysis and testing. First, we obtain information about the 
sand's composition—moisture and clay content, and the 
shape, fineness and distribution of the grains. Second, we 
obtain information about a sand's properties: its strength, 
permeability, hardness, durability, and sintering point. As 
you may recall from a previous discussion in Molder 3 & 2, 
а sand’s composition and the manner in which it is prepared 
or mixed determines the properties the sand exhibits in a 
mold or core. Since the construction of a sufficiently perme- 
able mold is impossible with a sand containing a large per- 
centage of fines; since flowability, and thus good pattern re- 
production, cannot be achieved with a sand whose grain size 
is too large; and since green strength as well as permeability 
is related to grain shape, it is obvious that unless the sand 
brought aboard for foundry use possesses the required com- 
position, you will be unable to develop the mold and core 
properties necessary for the production of a sound casting. 
Normally, the supply department provides sand having the 
correct grain size, shape, and distribution, but, if circum- 
stances are such that you have to use an emergency source, 
only an analysis of the sand can tell you whether its com- 
position is satisfactory for your purpose. 

Whether the purpose of the tests you run are to obtain 
information on the composition of the basic sand or to de- 
termine the properties that a particular foundry mixture 
will develop in a mold, an important first step is the selec- 
tion and preparation of a representative test sample. For 
example, suppose that you want to conduct a series of tests on 
your heap sand. At a depth not less than 6 inches from the 
surface, take 3 one-quart samples, 1 each from the front, cen- 
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ter, and rear of the heap. Place these samples loosely in an 
air-tight container to prevent loss of moisture. Next, when 
you are ready to reduce the size of your gross sample to that 
suitable for analysis, empty the containers and form a heap. 
Then, mix and reduce the sample by the alternate shovel and 
quartering method illustrated in figure 5-1. "Tests and anal- 
yses should be accomplished as soon as possible after the sam- 
ple has been taken. 

MOISTURE CONTENT is usually the first determination made. 
The Speedy Moisture Tester described in Molder 3 & 2 may 
be used for this purpose. The standard method for deter- 
mining moisture content, however, is to weigh 2,000 grams 
(4.4 pounds) of sand on the laboratory balance (fig. 5-2). 
Dry this sample by spreading it out in a thin layer and heat- 
ing it in an oven at a temperature no lower than 220° F and 





Courtesy Harry W. Dietert Co. 
Figure 5—2.—4A laboratory balance. 
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no higher than 230? F. After drying, the sample is cooled 
to room temperature in а covered dish or a special cooling 
device called a pestccator, Reweighing the dried sample 
and expressing the difference in weight before and after dry- 
ing as & percentage gives the percent moisture. For exam- 
ple, if the original 2,000 gram sample reweighs at 1,760 
grams, the moisture content is 12 percent. 


9,000 — 1,760—940 
940— .12=12% 


9,000 


Since measurements to уо gram are often required to deter- 
mine the moisture content it is mandatory that an accurate 
balance be used to weigh the samples. 

By using the moisture teller shown in figure 5-3 in con- 
junction with the balance, determining the moisture content 
of a sample is somewhat simplified. The teller is really a 
drying device and does not in any sense, directly, tell the 
moisture content of the sample. It merely removes moisture 
from the sample. The device has a thermostatically con- 
trolled heating unit that can be adjusted to maintain any de- 
sired steady temperature between a range of 150° and 300° 
F; a blower forces the hot air through the test specimen. In 
addition, a removable sample pan having a 500-mesh filter 
cloth bottom and a counterweight equal to the weight of 
the pan is provided. 

The first step in determining moisture content is to “zero” 
the laboratory balance; that is, push the rider weight all the 
way to the left on the beam scale, then turn the zero adjust- 
ment screw so that the balance pointer is at zero on the 
zero adjustment scale. Next, place the pan on one side, 
usually the left, of the balance and the counterweight on 
the other; on the side with the counterweight, place a 50- 
gram balance weight. Before placing the 50-gram balance 
weight, be sure that the pan and counterweight actually bal- 
ance. With use the pan may tend to get lighter because 
of abrasion, or heavier from corrosion. This check should 
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be made every time a determination is made. Somewhat 
greater accuracy is attained if the pointer swings slightly 
and equally to either side of the zero than if it remains 
steady on ‘zero. Having accurately balanced the pan and 
counterweight, plan the 50-gram balance weight, and add 
sand to the pan until the balance pointer indicates that the 
pan and sand are equal to the counterweight and 50-gram 
balance weight. Accuracy in weighing is most important. 

After the 50-gram sample is weighed out, the pan is placed 
in the “teller” where a blower passes air heated to between 
220° and 230° F through the sample for a predetermined 
time. After drying and cooling to room temperature, the 
sample pan is returned to the balance. The amount of 
weight lost by the sample is determined by moving the 
rider weight to the right along the beam scale (calibrated 





Courtesy Harry W. Dietert Co. 
Figure 5—3.—Moisture teller. 
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in tenths of a gram from 0 to 10 grams) until the balance 
pointer slowly swings back and forth at the zero mark. 
Weight loss is indicated by the position of the rider on the 
beam scale. The amount indicated on the beam scale multi- 
plied by two equals the moisture content of the sample. 
Readings on the beam scale should be made to 1/10 gram. 


Determining a Sand’s Composition 


Further analysis of a foundry sand’s composition exclu- 
sive of moisture begins with determining the clay content. 
This is accomplished by weighing the original dried sample, 
removing the clay through washing, reweighing the sample, 
and then calculating the percentage of clay removed. Fol- 
lowing this, the grain shape of the sample is determined 
by careful visual examination. Finally, fineness and dis- 
tribution are determined by a sieve analysis. To ascertain 
the clay content or to determine the size, shape, and distribu- 
tion of the grain by sieve analysis, the sample must be dried 
as described for the standard moisture test. 

CLAY CONTENT determinations require: (1) a 50-gram 
sample of dried sand; (2) a washing device (fig. 5-4) ; (3) 
distilled water; and (4) a standard solution of sodium hy- 
droxide (NaOH). The NaOH solution is prepared by dis- 
solving 30 grams of NaOH in 1000 cubic centimeters (cc.) 
of distilled water. | 

The test itself is made by placing the dried 50-gram 
sample in the washer, adding 475 cc (about 1 pint) of dis- 
tilled water and 25 cc of NaOH solution. Both liquids 
should be at normal room temperature (70? to 80? F). 
Next, stir the mixture vigorously for 5 minutes and then re- 
move stirrer. Make sure that any grains adhering to the 
stirrer are washed off and remain in the bottle. Following 
this, fill the wash bottle with distilled water to a height of 6 
inches from the bottom of the jar and agitate the bottle suf- 
ficiently to ensure that the contents are well mixed. After 
allowing the material to settle for 10 minutes, siphon off the 
liquid to a level exactly 5 inches below the original level of 
theliquid. Now, refill the bottle to the 6-inch level with dis- 
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Courtesy Harry W. Dietert Co. 


Figure 5—4.— Devices for scrubbing clay from sand grains. A. Rapid sand 
washer. B. Fruit jar used as wash bottle. 


tilled water and again agitate the bottle and its contents to 
ensure mixing. After allowing the mixture to stand for 
EXACTLY 5 minutes, siphon off 5 inches of the liquid. Repeat 
this procedure until the water is clear to a depth of 5 inches 
after a 5 minute settling period. In brief, after the initial 
vigorous stirring, the removal of clay involves repeatedly 
filling the bottle to a 6-inch level, agitating, and then allow- 
ing the mixture to settle for 5 minutes, and siphoning off the 
top 5 inches until the water is clear. 

Each step in the clay removal phase of determining a 
sand’s clay content must be carried out with precision. This 
is particularly true of the 5-minute settling period between 
agitation and siphoning. This part of the test is based on 
the fact that materials of different densities (or different 
volumes of the same material) settle to the bottom of a fluid- 
filled container at different rates of speed. By American 
Foundrymen’s Society definition, material that requires more 
time to settle than 1 inch per minute is clay. In the clay re- 
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moval method described in this section, all material that 
settles at less than 1 inch per minute is removed in siphoning. 
Obviously, if a settling time other than 5 minutes is used, the 
results of the test will be misleading. 

When it has been determined that the top 5-inch portion 
of water is clear, the water is siphoned off for the last time. 
After removing the sample from the wash bottle and 
thoroughly drying it as previously described, it is again 
weighed. The difference between the sample's original 
weight (50 grams) and its weight after washing, expressed 
аз а percentage, is the clay content of the sand. For example, 
suppose that, after washing and drying, the original 50-gram 
sample weighs 44 grams. This difference expressed as a per- 
centage is 12 percent: 

50—44=6 
EO .12— 1955 

When running a test to determine the effect of use on grain 
fineness, the loss in weight may not be entirely due to the 
removal of clay. Ifthe old sand contained sea coal or cereal 
binder, the former will float off in the siphoning, and the 
latter dissolves and floats off with the water. Cereal also 
offers difficulties as а gel is likely to form due to а chemical 
reaction with NaOH. If cereal is present the sample should 
be washed with distilled water before the NaOH is added. 
If your sample contains cement rather than clay as the bond- 
ing agent, use а 1:1 hydrochloric acid (HCl) solution 
instead of NaOH. 

GRAIN SHAPE is determined by visually examining the 
grains of a washed and dried sample of sand. To facilitate 
the examination, the grains are spread out on a sheet of 
white paper and observed through a magnifying glass (a 5- 
or 10-power glass is suitable). 

As you may recall, a grain of sand may be round, angular, 
subangular, or compound : round grains are fully spherical; 
angular grains are fractured particles having sharp edges 
and corners; subangular grains have partially rounded 


corners; and compound grains are those consisting of two 
or more grains cemented together in such а way that clay 
removal or sieve analysis fails to break them apart. 
Judgment is all important when it comes to grain shape 
classification. The human eye as aided by a magnifying 
glass is the measuring instrument. You determine grain 
shape classification by comparing what you observe in а 
sample with the representative sample types shown in fig- 





^. dio - 
Adapted from “Foundry Sand Handbook," 1958, 
American Foundrymen’s Society 
Figure 5—5.—Grain shape classification. 


A sand’s grain shape is important because it influences the 
amount of pore or void space between the grains of a unit 
volume of sand. Thus, grain shape has a direct relationship 
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to the sand's venting ability. Assuming that such factors 
as grain size, temper, and hardness of ramming are constant, 
sands having angular grains have greater pore space than 
those having rounded grains. The least amount of pore 
space obtains when rounded grains are about equally divided 
between large and small grain-size diameters with no inter- 
mediate sizes present. 

Grain shape also determines how hard а sand can be 
rammed in the mold. Since angular grains do not flow or 
pack together as easily as rounded grains, this sand can be 
rammed firmly while а sand having rounded grains requires 
more careful ramming on the part of the Molder. Insofar 
as pore space and the ability of the mold to carry off gases 
is concerned, а less experienced Molder can make a more 
satisfactory mold with а sand having angular grains than 
he can with one having round grains. This is one of the 
advantages of the Navy’s “sharp” synthetic sand; it’s im- 
possible to ram it too hard. 

SIEVE ANALYSIS has as its objective the determination of 
the size and the distribution of the sand particles. The 
analysis consists of passing a clay-free sample of sand through 
а series of interlocked sieves, weighing the percentage of ma- 
terial retained on the several sieves, and from these data 
calculating or graphically presenting the grain fineness and 
distribution of the sample. Results obtained from the analy- 
sis are useful in maintaining uniform properties; for ex- 
ample, the information may be used as a guide to the amount 
of bonding materials necessary to produce desired mold and 
core properties. 

Equipment necessary to conduct a sieve analysis includes 
a sieve shaker, a set of eleven interlocking sieves, a pan, and 
a cover (fig. 5-6). The sieves are made with wire-mesh 
screens equivalent to the U. S. Bureau of Standards mesh 
members 6, 12, 20, 30, 40, 50, 70, 100, 140, 200 and 270. The 
mesh-wire diameter of each sieve and the equivalents of the 
mesh openings in millimeters and inches are given in table 4. 
Each sieve is 8 inches in diameter, 1 inch high and is marked 
with its mesh number for easy identification. 
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Courtesy Harry W. Dietert Co. 
Figure 5—6.—<A Combs laboratory sifter and sieves. 


To conduct a sieve analysis, arrange and interlock the sieves 
in sequential order with No. 6 on top and No. 270 on the 
bottom ; then attach the pan to the bottom of the nest. Next, 
place the dried, clay-free test sample in the top sieve. (In 
this case, the 44 grams of sand grains remaining after our 
original 50-gram sample was washed and dried.) Close 


TABLE 4.—Sieve Mesh Number Equivalents 


Mesh opening Wire 
United States series equivalent No. diameter 
Inch Millimeter (inch) 


0. 1320 3. 327 0. 0360 


. 0661 1. 651 . 0320 
. 0331 . 833 . 0172 
. 0232 . 589 . 0125 
. 0165 . 414 . 0122 
. 0117 . 205 . 0092 
. 0083 . 208 . 0072 
. 0059 . 147 . 0042 
. 0041 . 104 . 0026 
. 0029 . 074 . 0021 
. 0021 . 053 . 0016 





Abetracted from table 14, “Foundry Sand Handbook," 1968, American Foundrymen's Society 


the cover, place the nest in the shaking apparatus and start 
the shaker. While the shaker is in operation, prepare several 
sheets of 10’’ x 10" glazed paper. These sheets will be used 
to collect the sand retained on the sieves. 

After allowing the sample to shake for 15 minutes, stop the 
shaker, remove the nest and separate the sieves, inverting 
each sieve containing sand grains on a piece of glazed paper. 
Tap each sieve to jar loose any grains that may be caught 
in the screen mesh. It may be necessary to brush the sieves 
with a soft bristle brush if tapping does not free trapped 
grains. 

The next step is to weigh and record the weight of ma- 
terial retained by the various sieves. There are two ways to 
consider the retained grain. The first method involves 
weighing the contents of each screen individually, recording 
the results and then making the calculations indicated in 
table 5. The second method involves cumulative weighing, 
and plotting the results on a graph. 

In the first method the weight in grams retained on each 
sieve is converted to percent of the original 50-gram sample. 
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For example, sieve 140 retained 7.05 grams. Converted to 
percentage this is 14.1 percent of the sample 


7.05 
o = -141=14.1% 


Having converted the weight in grams to percent, multiply 
the percent retained on each sieve by the multiplier factor for 
that sieve as shown in table 5. Enter each result in the ap- 
propriate place in the “product” column. Add the products. 
The total product divided by the total percent of retained 
grain is the AFS Grain Fineness Number (GFN). 


TABLE 5.—Calculation of AFS Grain Fineness Number by Size Fre- 
quency Method 


(Sample Contained 12% AFS Clay) 


Amount of 50-gram sample 


retained on a sieve 
Sieve No. * — — — Aultipler Produet 
Grams Percent 

None 0 8 0 
jp OMNE UPS None 0 5 0 
р | ИЕР wees ee None 0 10 0 
^. MEER PECORE None 0 20 0 
JJ T 0. 20 .4 30 12 
DU: un sac eas . 60 1. 2 40 48 
J тшшш ew 1. 40 2.8 50 140 
СИЕ раев 3. 50 7.0 70 490 
140 or ei eene 7. 05 14. 1 100 1, 410 
11. 05 22. 1 140 3, 094 
Т0 eR 10. 90 21.8 200 4, 860 
РАД 22а ani 9. 30 18. 6 800 5, 580 

Total......... 44. 00 88.0 |---------- 15, 134 


Ие __ Total product ے‎ 15,134 
AFS grain fineness number =Total 7 retained grair % retained grain ^ 88 - 172 


Now that we have determined the grain fineness number, 
what does it mean? This number expresses the average size 
of the grains in the sample; that is, if all the grains were the 


same size, the GFN would be equivalent to the number of 
meshes per inch of that sieve which would just allow the 
sample to pass through. Further, the GFN is proportional 
to the total grain surface area per unit weight of the sand, 
exclusive of clay. A large GFN indicates a sand having a 
small average grain size with a large surface area per unit 
weight of sand. A low GFN indicates large grain and rela- 
tively smaller surface area. 

Average size in itself is not very meaningful, but when 
the GFN is considered as an index to the surface area per 
unit weight of sand, it is an indication of the amount of 
bonding material needed to develop equivalent strength 
properties in identical weights of sands that vary only in 
GFN. Since each grain of sand must be coated with the 
bonding material, it follows that greater surface area means 
more bond to coat this surface. 

A designation related to GFN as calculated in table 5, and 
another way in which a sand is sometimes described, is the 
GRAIN FINENESS CLASS. The class to which a given sand is 
assigned depends upon its GFN and upon the range or zone 
into which its GFN falls. For example, as shown in table 


TABLE 6.—Relation of Grain Fineness Class to Grain Fineness Number 


Fineness No. 
— To but not 
0 

From— including— 
J. е e ou eue du EE 200 301 
v 140 200 
"m TE 100 140 
e KP 70 100 
 -——— (——m RN 50 70 
| EN E OE NE ORES 40 50 
ОБЕСЕНИ а ысышын EP 30 40 
————————— — 20 30 
и жо dcus D M LE C 15 20 
| Û I. c EE d EA E DU 10 15 
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6, our GEN 172 sample is a Grain Fineness class 2 sand while 
a GEN 53 isa class 5 sand. 

The second method of considering the grains retained on 
the sieves involves cumulative weighing and graphic por- 
trayal. In cumulative weighing, the coarsest retained mate- 
rial is placed on the balance and weighed. Then the material 
retained by the next finer sieve is added and the total from 
these two sieves is weighed. Next, add the grain retained 
by the third finest sieve, then the fourth, and so on until the 
grain retained by each succeedingly finer sieve has been 
added and the total cumulative weight has been determined 
at each sieve. Ве sure to record the cumulative total at each 
sieve. 

When the entire sample has been weighed and recorded, 
the cumulative total in grams at each sieve is converted to 
cumulative percent as shown in table 7. These percentages 
are then plotted as a function of sieve openings in microns 
on linear or semi-logarithmic graph paper (figs. 5-7 and 
5—8). Each sieve point along the cumulative curve indicates 
the percentage of the sample that is coarser than that sieve. 
For example 2.2 grams or 4.4 percent of the sample is coarser 
than number 70 mesh ; 95.6 percent is finer. 
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Figure S~7.—Cumuiative and distribution curves for GFN 53 and GFN 172 sands. 
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TABLE 7.—Cumulative Data Recorded for GFN 179 Sand 


Mesh No. Grams retained Percent 
rec ——————— —À— —— — S 0. 2 0. 4 
DU LII ounce resi oRedDans oan .8 1.6 
ү! ee oa Bene see ЕК МЫН ЫНА 2.2 4.4 
100: ыз 5.7 11. 4 
140]. s. дыд шк даланы eres ene ae ene enema 12. 75 25. 5 
ШОО pasate 23. 80 47. 6 
PAO TEC TES 34. 7 69. 4 
Рапс ees cee ie eee eee 44.0 88. 0 


The cumulative curve for our test sample is shown in 
figures 5-7 and 5-8. Figure 5-7 also shows the cumulative 
curve for a GFN 53 sand as well as the distribution curves 
for both the GFN 172 and the GFN 53 sands. Both illustra- 
tions present the same data, but the use of semi-log paper 
(fig. 5-8) has several distinct advantages over linear 
paper: the data plotted thereon give a clearer picture of a 
sand’s composition. Also, the plotting of fractional per- 
centages is simplified. 

Whether you use linear or semi-log paper, sieve analysis 
data plotted as a graph give a better picture of a molding 
sand than does the use of any system of fineness numbers. 
As mentioned previously, the grain fineness number expresses 
the average size of the sample; it doesn’t tell you anything 
about grain size uniformity. Sands differing widely in the 
proportions of grain retained on the several sieves may have 
the same GEN. Thus, the GEN may be misleading. But 
when the results of the sieve analyses are plotted graphically, 
the differences in the curves and thus grain size composition 
are readily apparent. Just as a blueprint gives you detailed 
information on the dimensions of a casting, so does the 
graphical plot of a sieve analysis present detailed dimen- 
sional data on a sand. 

The closer the sand's cumulative curve approaches that of 
а vertical line, the more uniform is its grain size. Con- 
versely, a flat or horizontal curve indicates nonuniformity 
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Figure 5—8.—The cumulative data presented in figure 5-7 plotted on 3-cycle 


semi-logarithmic paper. 
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Any molding sand 


the graph of a sieve analysis you can visualize the uni- 


ofgrainsize. Now,since sand always contains grains of sev- 
formity of the sand's grain size by the slope of its cumulative 


eral sizes, no sand's cumulative curve will be a vertical line; 


neither is it likely to be horizontal. 
cumulative curve will have some degree of slope. Inspect- 


ing 


curve, and you can “see” the grain size fineness as well as the 
proportions of the various sizes present by the position of 
the curve on the graph. 

A decimal designation called the SORTING COEFFICIENT (So) 
is used to indicate the slope of the cumulative curve and this 
may be used as an index to the sample's GRAIN DISTRIBUTION. 
This coefficient is obtained by the formula 


-e 
8,=@ 


Where 
Q,=the grain size in microns where the cumulative 
curve intersects the 25 percent retained line, and 
Q;,-—the grain size in microns where the cumulative 
curve intersects the 75 percent line 


Notice that the abscissa values of figures 5-7 and 5-8 are given 
in sieve number and millimeters. To convert millimeters to 
microns, multiply by 1,000; or, more simply, move the decimal 
point three places to the right. 

Using the cumulative curve for the GFN 53 sand in figure 
5-8, read off the values for Q, and Q;. Substituting these 
values in the formula we have 


202 
8,—307 
The sorting coefficient for the GFN 172 sand is 0.4057. 

The major problem in determining this coefficient is the 
selection of the values for Q, and ©; when the curve crosses 
the 75 or 25 percent lines at a point other than at a sieve 
ordinate. When this happens, as it usually does, it is neces- 
sary to determine the correct value for the Q's by interpola- 
tion; that is, the value is estimated by determining the rela- 
tive position of the Q point between the known sieve values. 
For example, ©; is slightly beyond sieve 70, between sieve 
TO (208 microns) and sieve 100 (147 microns). The differ- 
ence between these sieves in microns is 61. Now, the point 
where the curve crosses the 75 percent line is approximately 
one-tenth of the distance between sieve 70 and sieve 100. 


—60.6579 
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Therefore, one-tenth of the difference between these sieves 


61 
1079) 


is the amount that the sieve value must be adjusted. Since 
micron size is decreasing as we move from sieve 70 to sieve 
100, the interpolated value for Q, is 208—6— 202. 

The value for Q, is derived in а similar manner. Here, 
though, the difference between the sieves is 119 microns. 
The point where the curve crosses Q, is again about one-tenth 
of the distance between sieve 50 and sieve 40. One-tenth of 
119 microns is 12 microns. This time, however, note that 
the micron size progression is from smaller to larger (sieve 
50 to 40). Therefore, the interpolated value for Q is 
(295+12) 307 microns. For practice, work out the sorting 
coefficient for the GFN 172 sand. 

By comparing the sorting coefficients of sands, the foundry- 
man gets an idea of a sand’s distribution in the middle 50 
percent of the sample. That is, a sand whose S, most closely 
approaches 1 is the more uniformly distributed. For ex- 
ample, the S, for the GFN 53 sand is 0.6579 while that of 
the GEN 172 is 0.4057, and since 0.6579 more nearly ap- 
proaches 1 than does 0.4057, the GFN 53 is the more uni- 
formly distributed sand in the range of interest. 

Another way to express the grain distribution of a sand 
on the basis of a sieve analysis involves the use of а symbol 
consisting of three numbers separated by colons; for example, 
8:3:3. This symbol has the following meaning: the MIDDLE 
number indicates the least number of adjacent sieves that 
retained a minimum of 75 percent of the grains in the sample; 
the first number indicates the number of sieves retaining 
coarser grains, and the last part of the symbol indicates the 
number of sieves retaining finer grains. 

The method for determining this grain distribution sym- 
bol is illustrated in figure 5-9. The first step is to determine 
the middle number of the symbol. This is done by inspecting 
the distribution data recorded during the sieve analysis and 
locating the sieve that retained the largest percentage of the 
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GFN 53 (О.О% Cloy) 


Number of sieves 
retaining grain 
coorser than adjacent 
sieves containing minimum 
of 75% of the sample 





Figure 5—9.—Method for determining Bureau of Ordnance grain distribution 
symbol. 


sample, in this case sieve 70. To this, add the percentage 
retained by the adjacent sieve retaining the next larger per- 
centage of retained grain (sieve 70 plus sieve 50 or 44.04 
+23.36=67.40). Since this is less than 75 percent, add the 
next highest percent of sand retained on an adjacent sieve 
(No. 100). This procedure is continued until the total per- 
centage of grain retained on adjacent sieves is a minimum 
of 75 percent of the sample. In the sample illustrated, a 
minimum of 75 percent required three sieves; therefore, the 
middle number of the symbol is 3. Next, count the number 
of sieves containing sand coarser than that in the 75 percent 
group. This is the first number. Finally, count the sieves 
containing finer grains. The symbol for this sample’s dis- 
tribution is 3:8: 3. 
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As а practice problem, work out thé distribution symbol 
for the sample recorded in table 5. Remember, the middle 
number in the symbol is determined by the least number 
of adjacent sieves which, when totaled, retain а minimum 
of 75 percent of the sample. The distribution of the GFN 
172 sand computed in table 5 as indicated by the Bureau of 
Ordnance symbol is 4:4:0; that is, four adjacent sieves were 
required to retain a minimum of 75 percent of the sample, 
four sieves retained coarser material and no grain was finer 
than that included in the 75 percent group. The distribu- 
tion of most satisfactory molding sands is such that the bulk 
of the grain is carried by three or four sieves. 


Determining the Properties of Foundry Sand 


In the previous section we were concerned with basic 
foundry sands from the standpoint of their composition. 
That is, we considered procedures for determining grain size, 
shape, and distribution. Here we are interested in tests to 
determine the degree to which a ready-for-use foundry sand 
exhibits certain properties in a mold. It should be remem- 
bered that such properties as permeability, flowability, 
strength, and sintering point are related to and are not dis- 
tinct from grain fineness, grain distribution, and clay con- 
tent. Remember further, that the percent moisture and 
other materials added to the basic sand as well as the mixing 
procedure employed have an effect on the sand’s properties. 

To determine the clay or moisture content of a sand, or to 
conduct a sieve analysis, use a sample having a specific weight. 
To determine such properties as permeability and strength, 
use a cylindrically-shaped test specimen having a two-inch 
diameter and a two-inch height. The dimensions of this 
sample and the ramming pressure used are most important; 
variations in either influence the results obtained from the 
test. The test sample itself is usually one of the sand mix- 
tures used by the foundry, or it is a mixture that is being 
considered for use. Usually the sample is taken from the 
batch as prepared for the day’s molding, but occasionally a 


small batch is specially prepared. The latter is particularly 
true if the test data are to be used for research or compara- 
tive purposes. 

Where the sample i is specially prepared, the first step in 
the preparation of the test specimen is to dry out the basic 
sand and other dry ingredients as described previously; i. e., 
by heating for 1 hour at а temperature between 220? and 
230? F. Next, weigh out the proper percentages of dry in- 
gredients (these amounts depend upon the kind and size of 
the mixture). Dry mix these ingredients in а sand muller 
for 2 minutes, then bring the mixture up to the proper per- 
cent moisture by adding water gradually over an interval 
of 30 seconds while the mixer is in operation. Total mixing 
time should not exceed 5 minutes. At the completion of 
mixing, remove the sand from the muller as quickly as possi- 
ble and transfer it to covered quart jars. After allowing 
these specially mixed samples to stand for 2 hours they are 
ready for specimen ramming and testing. When the test 
sample has been selected from the molder's heap, the sample 
should be rammed and tested as soon as possible after 
sampling. 

The device illustrated in figure 5-10 is designed to form 
the required test specimen. The container for holding the 
sand during ramming is a steel tube having а uniformly 
smooth and circular inner surface. The rammer itself con- 
sists of a head attached to the lower end of a rod and a free 
sliding weight. Except for the container, all parts, includ- 
ing the operating levers are mounted on the frame. The 
container, rammer head, and weight are made of hardened 
steel to prevent wear. 

The rammer head's diameter (1.994 + 0.002 inch) produces 
a sliding fit in the container (inside diameter 2.000+ 0.001 
inch). Arrangement of the 14-pound weight permits it to 
move freely up or down on the rod, within 2+0.005 inches, 
between the rod supports. 

To operate the rammer, the tube container is placed in its 
pedestal and filled with а quantity of sand sufficient to make 
the sample. (An exact amount cannot be specified since the 
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weight per unit volume of each mixture will vary with the 
grain size, distribution, percent moisture, and other ingredi- 
ents present.) Moving the rammer-raising lever lifts the 
rod, rammer head, and weight, and permits the placement 
of the specimen tube and pedestal in position on the rammer 
base. With the specimen tube positioned, gently lower the 
rammer head into the tube. Then, with the cam lever, slowly 
raise the weight to the full 2 inches and let it fall. Repeat 
this last operation for a total of 3 rams. 





Courtesy Harry W. Dietert Co. 
Figure $—10.— Sand rammer for ramming AFS standard sand specimens. 
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For some tests the sample remains in the tube container; 
for others, it is stripped from the tube with a stripping post. 
In either case, the rammed test specimen must be the correct 
2 inches. If it isn't, the specimen must be remade. 

PERMEABILITY is that property of a molding sand which 
describes its ability to allow gas to pass through a molded 
mass. It is determined by measuring the time required for 
a predetermined quantity of air at a known pressure to flow 
through a standard test specimen. When a 1 cubic centi- 
meter volume of air at a constant pressure of 1 gram per 
Square centimeter passes, in 1 minute, through a specimen 
having a cross-sectional area of 1 square centimeter and a 
height of 1 centimeter, the permeability is 1. 

In the standard AFS permeability test, 2000 cubic centi- 
meters of air are passed through a standard 2-inch diam- 
eter by 2-inch high test specimen; the observed air pressure 
in grams as indicated by a manometer and the time elapsed 
in minutes as noted on a stop watch are recorded. Тһе known 
and observed data are then substituted in a formula that 
is numerically equal to the sample’s permeability number. 
This number is equivalent to the product of the volume of air 
in cubic centimeters and the height of the test specimen in 
centimeters divided by the product of the air pressure in 
grams, the cross-sectional area of the specimen in square 
centimeters, and the time in minutes. Expressed as a formu- 
la, permeability equals 


| Р= 

Where 

v= volume of air in cubic centimeters 

h=height of the specimen in centimeters 

p=air pressure in grams per square centimeter 

а= cross-sectional area in square centimeters 

¢=time 1n minutes 

The instrument illustrated in figure 5-11 is suitable for 

obtaining the necessary data to determine permeability by 
the standard method. By positioning the straight edge of 
the helicoid so that the point is downward and the edge is 
parallel with the manometer tube, the constant pressure in 
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grams developed by the test specimen's resistance to the free 
flow of air can be determined by comparing the water level 
in the manometer tube with the pressure scale on the helicoid. 
This pressure scale is calibrated from 0 to 10 grams per 
square centimeter. Prior to conducting the test, however, 
the scale must be zero adjusted ; that is, the 0 on the scale 
must be at the water level in the manometer. This adjust- 
ment is made with the manometer zero adjustment screw. 
The copper air drum, which floats like a bell in the water 
tank, provides the 2000-cubic centimeters of air through а 
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Courtesy Harry W. Dietert Ce. 
Figure 5—11.—Permeahbility meter. 


335343 0—55—12 
167 


tube-within-a-tube arrangement in the center of the drum 
and tank. This tube permits air trapped within the drum 
to escape and pass through the specimen when the air con- 
trol lever is turned 90? forward to its open position. Time 
for the volume of air to flow through the sample is deter- 
mined by noting the time required for the air drum to sink 
from its highest position (the 0 mark on the drum is level 
with the top of the water tank) to its lowest position (2000). 

The first step in determining permeability, of course, is 
to ram the standard test specimen. With the specimen re- 
maining in the tube container, place the tube, top down, in 
the mercury seal cup on the base of the permeability meter. 
(If an orifice plate is in position over the air outlet nozzle 
in the center of the seal cup, be sure that it is removed before 
using the instrument to determine permeability by the stand- 
ard method.) With the air control lever in the orr posi- 
tion, raise the air drum so that it floats at maximum (2000) 
volume. Next, turn the air control lever to oN and simul- 
taneously start your stop-watch. When the water level in the 
manometer becomes constant, record the pressure indicated ; 
when the air drum has sunk to the 2000 mark on the air 
volume scale, record the time elapsed. Substitute the data 
noted in the standard formula. | 

To illustrate the use of the formula, suppose that the air 
pressure is 4 grams per square centimeter and that 1 minute 
is required for the 2000-cubic centimeters of air to pass 
through the standard test specimen. Substituting the known 
and observed data in the formula we have 


P—1ix203608x1 81072 1253 


Since a standard specimen and 2000-cubic centimeters 
of air are specified for the test, the formula may be sim- 
plified by cancelling out these factors in the numerator and 


denominator. Thus the formula becomes P= M The 


501.2 is derived from the product of air volume and specimen 
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height divided by the cross-sectional area of the specimen 


SG. 501.2) Itt ws derbe 46 ane tine n et 


20.269 
onds the simplified formula is p= 

Permeability can be read directly from the scale on the 
periphery of the helicoid gage. This is not too accurate but 
it is satisfactory for routine shop tests. In this routine test, 
a standardized orifice plate is inserted between the 0.03 square 
inch (0.1742 square millimeter) air outlet and the test speci- 
men. Depending upon the estimated permeability, either an 
0.5 or a 1.5 millimeter orifice is used. If permeability is be- 
low 49, use the smaller orifice; if permeability is above 36 
use the larger orifice. When the sand’s permeability falls 
in the overlap range of the two orifices, experimental use 
and/or comparison with the results from a standard test 
must be employed to determine the proper orifice size. 

In the routine shop test, in which permeability is read di- 
rectly from the periphery of the helicoid, it is not necessary 
to note the pressure or the time of flow. Assure yourself 
that the drum is in the upper position and the appropriate 
orifice plate is inserted, then all that is necessary to conduct 
the routine test is to: (1) place the inverted specimen tube 
containing the test sample in the mercury cup on the base of 
the instrument; (2) turn the air flow control lever to on; (3) 
wait a few seconds until the water level in the manometer tube 
becomes constant; and (4) turn the helicoid gage until its 
periphery or outer edge matches the water level of the 
manometer. The scale number at this point on the helicoid 
periphery is the approximate permeability of the sand being 
tested. Permeability determined in this way is accurate 
within 10 to 15 percent. 

Another routine shop test involves the use of the pressure 
scale in conjunction with the manometer water level in a 
manner similar to that of the standard stopwatch method. 
Here, though, as in the helicoid periphery method, a suitable 
orifice plate is inserted into the mercury-cup air outlet. The 
pressure noted on the manometer is converted to the perme- 
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ability number through the use of a table which indicates 
the relation between the pressure developed and the perme- 
ability in terms of the orifice plate used. Note that these 
relationships, as shown in table 8, vary greatly for the same 
pressure reading when an 0.5 rather than a 1.5 millimeter 
orifice plate has been used. 

The results obtained with either routine shop method de- 
pend upon the selection of the proper orifice, but, more im- 
portant, upon the cleanliness and calibration of the orifice 
plates. Neither shop method is as accurate as the standard 
test; and, periodically, determinations obtained by shop 
techniques should be compared with results from a standard 
test. Of the two routine methods for determining perme- 
ability, the pressure versus orifice opening method is the 
most satisfactory. But even here, if the results vary more 
than 10 percent from the permeability as determined by the 
standard, it is an indication that recalibration or cleaning of 
the orifice plates is required. 

By and large, you will be concerned only with the deter- 
mination of green permeability ; that is, the permeability of 
the sand used to construct green-sand molds. There are 
other permeability indices; i. e., base, dry, and baked. In 
principle, all are determined in the same way with a test 
specimen of the same size. The procedures vary only in 
minor details. 

Determination of base permeability, which is the per- 
meability of packed, dry sand grains without clay or other 
bonding agent, requires the use of special 100-mesh screens 
at each end of the standard test specimen to hold the sand 
in position within the specimen tube. This test may be 
used to advantage to determine when the grain size and 
distribution of old sands have changed enough to cause а 
significant change in permeability. Whenever it is desirable 
to determine the base permeability of your heap sand, the 
test sample must be washed free of clay and other materials 
by the method previously described in the test for clay 
content. A difference between the base permeability of an 


170 


TABLE 8.—Pressure and WU eria — Values as Obtained 
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TABLE 8.—Pressure and walent Permeability Values as Obtained 


ith Orifice Plates 
Permeability Permeability 
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Reprinted from “Foundry Sand Handbook," 196%, American Foundrymen’s Society 


old sand and that of а new sand of the same classification 
indicates the extent to which use has affected grain size 
and distribution as well as permeability. 

Dry and baked permeability refer to the gas venting abil- 
ity of regular molding and core sand mixtures that have 
been completely dried at 220° to 230° F, or to mixtures that 
have been baked at a temperature in excess of 230? F. In 
each of these tests the standard specimen, after drying or 
baking, is clamped in a special tube-like container. This 
in turn is placed in the mercury cup of the permeability 
meter and an additional quantity of mercury is poured into 
or around the tube to seal the specimen and prevent air 
leakage. 

The test for permeability is one of the most important tests 
in the foundry. Nevertheless, the permeability of the test 
sample is not necessarily the same as that possessed by the 
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sand in the mold because а sand's permeability is affected 
by the amount of ramming and venting done by the molder. 
Yet, at the same time, if the permeability of the sand re- 
mains constant and casting defects turn up, the fact that 
permeability is within the acceptable range indicates that 
the source of trouble is elsewhere; i. e., the sand's strength 
may be high or low, or casting or mold design may be in- 
adequate. 

STRENGTH tests are designed to reflect the ability of a 
green, dry, or baked molding or core sand to withstand the 
forces that tend to disintegrate the mold during the casting 
process. Although many kinds of strength tests may be em- 
ployed to measure the strength of а sand mixture, the most 
important is that of compression. Other indices such as 
` resistance to tension or shear stresses satisfactorily express 
а sand's strength, but they do not, insofar as foundry sand 
is concerned, add anything that is not revealed by а com- 
pression test. 

The green compression test is the most useful routine test 
for the strength of a foundry mixture. The property of 
green compressive strength is equivalent to the compressive 
stress in pounds per square inch that a green sand will with- 
stand before it breaks. Green compression is determined by 
subjecting a standard 2-inch diameter by 2-inch high test 
specimen to an axial force of 30 psi per minute until the 
specimen breaks. Tests for dry and baked compression 
values are obtained in a similar fashion, but the axial force 
is increased to 140 psi per minute. No calculations are neces- 
sary to determine test result values as the instrument's scales 
are calibrated for direct reading. The strength value as- 
signed to the sand, however, is the average of the results ob- 
tained from compression tests on three identical samples. 

Figure 5-12 illustrates а device suitable for measuring a 
sand's green, dry, or baked strength properties. Thestrength 
tester is a dead-weight machine consisting of a pendulum 
weight, which swings on ball bearings, and a pusher arm. 
Both аге mounted on a steel shaft in the frame support. 
Depending on the location of the compression heads between 
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Courtesy Harry W. Dietert Ce. 
Figure 5—12.—- Hand operated universal sand strength machine. 


the pusher arm and pendulum, as indicated in the illustra- 
tion, the machine may be used to run tests on either a green, 
dry, or a baked standard test specimen. "The location of the 
sample during the test determines the axial load developed. 

Turning the handwheel drive (some models are motor 
driven) raises the pusher arm through an arc which in turn 
forces the specimen to push the pendulum weight upward, 
thus increasing the load on the specimen until it breaks. The 
upward travel of the pendulum carries a magnetic rider 
along with it. As the specimen disintegrates with the appli- 
cation of a sufficient load, the pendulum swings back slightly 
to contact the pusher arm, leaving the magnetic rider in 
position on the scale. The location of the rider on the scale 
indicates the strength of the sample. Since several scales 


+74 


calibrated for different tests are on the instrument’s “yard- 
stick,” the operator must be sure that the value noted is read 
from the appropriate scale. 

When conducting the green compression test, the standard 
2-inch specimen (usually the specimen on which perme- 
ability has been determined) is stripped from the tube con- 
tainer after ramming and is carefully inserted between the 
compression heads. Since each head has a pair of flanged 
projections designed to support the specimen before the load 
is applied, the operator must be careful to avoid damaging 
the specimen while it is being inserted in the machine. With 
the hand operated machine, the crank must be turned in such 
а way that a uniform loading is obtained. Except for the 
additional sample preparation and the location of the heads, 
compression tests for dry or baked strength are identical to 
that for green compression. 

In addition to using the strength test as a routine check on 
the strength of molding and core sand mixtures, it may be 
used to measure the bond strength that different clays and 
bentonites are capable of developing with a given pure silica 
sand used to produce synthetic sands. Samples identical in 
all respects except for bonding material are prepared and 
rammed as standard specimens. Mixtures designed to test 
bentonites should contain from 4 to 6 percent bentonite with 
1.5 to 3 percent water; mixtures for testing fire clay should 
contain 10 to 12 percent of this material with 3 to 5 percent 
water. As in other compression tests, the specimen must be 
carefully prepared and placed in the machine without 
damaging the specimen. Also, the average of three readings 
from specimens of each mixture should be used as the mix- 
ture’s strength value. If the value of one test in the three 
differs from the other by more than 10 percent, the sample 
must be discarded and another tested in its stead. 

A comparison of the green compression strength of a new 
sand as determined by the standard method, with the result 
of a similar test conducted on an identical sample which has 
been heated to 600° F for 2 hours, and then calculating the 
percent loss of green strength is a measure of a sand’s 
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DURABILITY. One researcher estimates that а sand having a 
49 percent durability loss will produce only 30 pounds of 
castings, while а sand having a 25 percent durability loss 
will produce 82 pounds of castings per pound of new sand. 
Although this test is not as yet standardized and little infor- 
mation is available for comparative purposes, it does offer 
another method for estimating the constancy of your source 
of supply. 

SURFACE HARDNESS of a green-sand mold reflects the ability 
of a mold’s surface sand to resist the pressure exerted by 
molten metal. Further, green-surface hardness, which de- 
pends on ramming pressure, is related to strength and perme- 
ability. Insofar as the test is concerned, surface hardness 
is defined as the resistance offered by the rammed sand's 
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Courtesy Harry W. Dietert Co. 
Figure 5—13.—Devico for determining green surfaco hardness. 
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surface to the penetration of a plunger applied at a 90? angle 
to the test surface. If there is no resistance to the plunger 
(149-inch penetration), hardness is 0; if there is no penetra- 
tion, hardness is 100; hardness between these extremes de- 
pends upon the depth of penetration. Each 0.001 inch of 
penetration is equivalent to 1 hardness unit. 

The instrument shown in figure 5-18 is designed to meas- 
ure mold hardness in а way similar to that of the Brinell 
hardness tester used to determine the hardness of metals; 
here, though, a 14-inch radius ball is loaded with a 980-gram 
spring load. 'To determine mold surface hardness with this 
instrument, merely bring the face plate in firm level contact 
with the mold surface and read the hardness direct from 
the dial Excessive pressure has no effect on the reading. 
If it is desired to hold the indicator needle at the hardness 
measured, depress the hold button. In practical terms, read- 
ings from 20 to 40 indicate а soft surface, readings from 75 
to 85 are equivalent to a hard surface; readings around 50 are 
related to medium surface hardness. 

Since hardness is closely related to strength and permea- 
bility, the results of hardness tests made on molds may be 
used to estimate the strength and permeability of the sand 
after it has been rammed by the Molder. Research has re- 
vealed that the ratio of the strength of the sand in the mold 
to the strength of the sand in the laboratory is three-fourths 
of the square of the ratio of the hardness of the mold to the 
hardness of the laboratory specimen, 


Seu = (a) 


Expressed as a formula бча for mold strength, Sm, we 


have: 
oO 9/ AN? 
S.— (gn) S 
Where 


Н = hardness of laboratory test specimen 
h= hardness of the mold 
S —strength of the laboratory specimen 
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To illustrate the use of the formula, suppose that the labora- 
tory specimen's surface hardness is 80 and that its average 
strength value is 12 psi, and that mold surface hardness is 
50. Substituting in the formula we have 


3 
S.— (so 12— 3.5 psi 

From this result it is apparent that ramming as expressed 
in terms of mold surface hardness has considerable effect on 
the strength property of the sand in the mold. Had the mold 
been rammed to a hardness equal to or slightly in excess of the 
laboratory hardness, this great reduction in strength would 
not have occurred. 

Mold strength is directly proportional to hardness and 
ramming pressure. On the other hand, mold permeability 
is inversely proportional to hardness and ramming pressure. 
To estimate the effect of ramming on permeability, measure 
mold surface hardness and use the following formula to de- 
termine mold permeability, Pm, 


_(Н) (P) 
PQ—— y — 


Where 
H —hardness of laboratory test specimen 
P = permeability of laboratory specimen 
À- mold hardness 


Using the same hardness data used in the previous ex- 
ample, and a laboratory specimen permeability of 91 when 
the data are substituted in the formula, we have а mold per- 
meability of 145: 


80X91 
Pa 50 
The difference in hardness (due to ramming) changed per- 
meability 54 points or 60 percent. But then, ramming as 
reflected by the mold surface hardness isn't the only factor 
that influences the venting ability of the sand in the mold. 
Permeability is also affected by the depth of sand over the 
pattern. To get a still better picture of venting ability of 


== 145 
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the sand in the mold, the formula for venting permeability, 
Pa, which takes factors other than mold hardness into con- 
sideration, is useful : 





25 JP. 
P, D 

where 

P,,—mold permeability 

D — depth of sand over pattern in inches 

Using the value for mold permeability calculated in the 

previous formula and assuming а depth of sand over the 
pattern of 5 inches we have 


254145 
5 60. 





P= 


Hardness tests, then, have an important place in the foundry 
sand control program. The test is used to check the 
hardness to which a mold has been rammed and to get an 
estimate of the effect different amounts of ramming have on 
essential mold properties. For laboratory tests, the reading 
should be made immediately after the specimen is stripped 
from the tube container. Shop tests should be made as soon 
as the pattern is withdrawn from the mold. 

Many tests in addition to those described in this section 
are employed to determine the properties and to describe a 
sand. Some of these tests include sintering point—the low- 
est temperature at which a sand begins to fuse; deforma- 
tion—the amount in inches per inch that a sample changes 
its shape before it breaks during a strength test; chemical — 
. analysis; and a whole series of tests to determine the proper- 
ties of molding and core sand at elevated temperatures. Al- 
though each test is important and each property investigated 
has implications for the production of sound castings, the 
special complex instruments required are not available in 
most foundries. As a consequence, test for sintering point, 
deformation, behavior at high temperature and chemical 
analysis are usually confined to research laboratories or the 
sand labs of large industrial foundries. The tests we have 
presented herein can be conducted with the equipment avail- 
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able on repair ships. When these tests are considered as а 
group, they provide good coverage of the more important 
properties of foundry sands. 


CONTROL OF HEAP AND CORE SAND 


Sand control is more than a series of isolated tests. The 
methods presented in this chapter to describe & sand and to 
determine its properties are not an end in themselves. To 
be of real value, test results must be used by the foundry- 
man to reduce losses due to defective castings and to improve 
the quality of the castings he produces. Further, sand con- 
trol tests may be used to develop & sand mixture having the 
best properties to produce & given class of castings. Once 
these *best properties" have been selected, control test data 
wil indicate whether or not these properties are being 
maintained. 

Sand suitable for the production of & particular class of 
castings must have characteristics that fall within а given 
range. For example, а naturally bonded sand satisfactory 
for copper-nickel castings has а GEN from 130 to 120 (grain 
class 8), clay content from 12 to 14 percent, moisture content 
from 6 to 7.5 percent, green compression from 6.5 to 8 psi., 
permeability from 37 to 50, and a sintering point of 2400? 
F. Sand control test data for other sands suitable for typi- 
cal types of castings are presented in table 9. These ranges 
have given satisfactory results, but they are given here only 
to serve as а guide. The actual value finally selected is de- 
termined by a comparison of casting results and the test data 
records, results from experimental trials, information from 
other foundries, or instructions from the Bureau of Ships. 


Sand Control: A Tool for Foundry Supervision 


Sand control has three important ramifications for the 
supervisor of a Navy foundry: (1) it provides preventive 
control over the mixtures prepared for daily use; (2) it 
“tells” you when sand is “wearing out” and needs recondi- 
tioning or replacement; and (3) it provides information 
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useful in determining the cause of casting defects due to 
sand conditions, | 

The purpose of ROUTINE SAND CONTROL TESTS is to make 
sure that the properties of your molding sands are within 
the required range and thus prevents the production of 
defective castings. Routine tests are preventive in that they 
are usually made on each batch of sand before the mixture 
is rammed in the mold. As a consequence, variations in 
moisture, permeability, and strength are quickly detected 
and can be remedied with a minimum of lost time, effort, 

and material. 

A good sequence for these daily routine tests is as follows: 
(1). determine percent moisture with the Speedy or the 
teller and balance; (2) determine the hardness of each stand- 
ard green specimen while it is in the specimen tube prior 
to the conduct of a subsequent test; (3) while the sample is 
in the specimen tube, determine permeability by the orifice 
or helicoid gage method; and (4) after stripping the sample 
from the specimen tube assign an average strength value 
on the basis of three compression strength test results. These 
four tests should be made on each batch of sand as it is 
prepared for the Molder. In addition, tests for clay content 
and grain fineness and distribution should be run once each 
month on each type of sand in your foundry. 

Whenever you receive а new supply of sand, the entire 
series of tests should be run to establish the new material's 
characteristics and properties. In fact it is often worth- 
while to prepare experimental batches in which all factors 
but one are held constant while the factor being investigated, 
say moisture, is varied. Ап example of the results of such 
an experiment is graphically portrayed in figure 5-14. Simi- 
lar experiments may be conducted to determine the effect of 
varying clay content, grain fineness, mold hardness, and 
mixing procedures. In any event, whether you conduct 
experiments or routine tests, keep & record of each series 
of tests on each type of sand. Note, in addition to test 
values obtained, the composition of the mixture, the mixing 
conditions, and the date of the tests. 
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PERCENTAGE — 


Reprinted from “Foundry Sand Practice," 1950, 


Herry W. Dietert Оо. 


Figure 5—14.—Effect of changes in moisture content өп the strength valves of е 


The CONDITION OF USED SAND may be determined from the 
results of sand control tests. By comparing the results from 


your monthly analysis of clay content, fineness, and distribu- 


natural plate molding sand-—cheear and compression expressed in psi; tensile 
strength in ounces per inch. 


Usually there is an increase in the percentage of fines and 
this may be responsible for changes in permeability and 


strength. 


will reveal any foreign inclusions as well as grain-edge 
rounding. The quartz grains themselves are little affected. 


examination of the materia] retained on the several sieves 


which permeability and strength values have varied. Visual 


tion with those recorded for the sand when it was new, you 
can determine the extent to which use has modified the 
basic characteristics of the grain as well as the degree to 
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When equipment is available, it is possible to recondition 
used sand by a process involving wet scrubbing and/or heat- 
ing in а roasting oven to a temperature of 1200? to 1500? F. 
This procedure removes the clay and binder adhering to the 
grain. It is these coatings which are most affected by the 
heat generated in the mold during the casting process. 
When reconditioning equipment is not available, several 
other methods may be employed depending on the circum- 
stances. When а naturally bonded sand loses its strength 
а suitable addition of fireclay, mulled in, will boost the 
Strength back to normal. Likewise, when permeability 
drops off and sieve analysis reveals excessive fines, normal 
properties can usually be restored by removing the fines. 
Foundries having Simpson mullers or speedmullers can re- 
move fines through the use of the air blast with which these- 
mullers are equipped. Foundries having porto-mullers are 
not so fortunate. Here it is necessary to design а piece of 
equipment in which a thin layer of dry sand can run past 
& fan or blower having enough blast to remove fines and 
burned out clay, but at the same time permits the good grains 
to fall through. Another way to recondition sand is to add 
new sand to the old. In each of these methods, test results . 
will indicate what steps are needed to recondition your sand. 
Once your sand has been reconditioned, these same tests will 
tell you whether it is suitable for use. 

DEFECTIVE CASTINGS may be due to factors other than sand ; 
i. e., faulty pattern design, improper molding or gating tech- 
niques, or incorrect melting and/or pouring procedures. Nev- 
ertheless, even if the details of patternmaking, molding, 
melting, and pouring are correct, faulty castings may re- 
sult if the molding and core sands do not possess the prop- 
erties required to do the job. With the exception of sand, 
good procedures have been utilized for many years to con- 
trol conditions responsible for the high percentage of cast- 
ings that found their way to the scrap heap. Only in recent 
years, however, has sand control been employed to improve 
the foundry product and to reduce waste. Evidence for the 
value of sand control exists in the fact that the important 
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industrial foundries, including naval shipyards, have taken 
sand preparation and the development of adequate proper- 
ties from the realm of “feel” and “guess” and placed it in 
the hands of the sand technician. If sand control was un- 
necessary or “didn’t pay” it wouldn't be in these foundries. 

Some defects due to improper sand conditions are blows, 
drops, scabs, rat tails, pinholes, metal penetration, and dirt 
inclusions (see fig. 5-15). Such defects as a pinhole, pene- 
tration, and dirt inclusion are self explanatory. А brief de- 
scription will make the meaning of the other terms clear. А 
RAT ТАП, is ап irregular line seen on a casting. Metal on one 
side of the line is slightly higher than that on the other. 





Adapted from “Toole for Control," 1951, Harry 
W. Dietort Co. 


Figure 5—15.— Representative casting defects due to sand conditions. 
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The defect is caused by а slight movement of the sand— 
a result of sand expansion. A somewhat similar defect is the 
BUCELE caused by sand expansion movement in two direc- 
tions. Here the metal works its way behind the displaced 
sand. A third defect due to expansion is the scAB. In this 
case, sand breaks away from the mold face allowing metal to 
fill the area behind the breakaway. 

A prop on the other hand is a defect caused by a portion of 
sand dropping from the cope during or after the mold has 
been closed. Surplus metal fills the void space in the mold 
wall, and usually, the dropped sand becomes fused in the 
casting. A BLOW is a void spot in the surface of the casting. 
It is due to the formation of а gas pocket which prevents the 
metal from laying against the mold wall. 

The possible causes and remedies for these and other de- 
fects are listed in table 10. Notice that defects may be due 
to more than one sand condition. Isolating the causal fac- 
tor in а given defect problem, therefore, involves а process 
of elimination. This is where your records come in. If, in 
‘the past, you have correlated the properties of the foundry 
mixtures with casting results, an inspection of your records 
should give you a lead toward the solution of the problem. 
Sand control used in this way is an important tool in trouble 
shooting. Trouble shooting, which implies solution of the 
problem, is high on the list enumerating the characteristics of 
& good foundry supervisor. 


Preparing Foundry Mixtures 


The several types of foundry sand, their origins, the in- 
gredients, the percentage of each that goes into the mixtures, 
and the procedures for properly mixing molding and core 
sands are presented in Molder 3 & 2, NavPers 10584 (pp. 
166-167 and 176-191). Our purpose here is to call attention to 
the fact that variations in the mixing procedures employed 
will cause а sand having identical proportions of the same 
ingredients to develop different properties. If hand and 
shovel mixing methods are employed, the procedure should 
be standardized; that is, mixing with the shovel, adding 


TABLE ll.—Approzimate Mizing Time for Common Mizer Types 
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moisture, and riddling should be accomplished in the same 
way by all shop personnel. Where mechanical mixers are 
used, adjustment of the mixer as well as the mixing pro- 
cedure, including mixing time, are important. Table 11 
shows the approximate mixing time used to prepare a batch 
in some common types of mechanical mixers. 


Substitute Materials 


Emergencies are infrequent, but they do occur. One way 
of coping with them is to throw up your hands and cry 
“quits”; another is to know what to do. The same thing is 
true of foundry materials and getting a job done when sup- 
plies are short. In cases where stock items are depleted it is 
often possible to use a substitute. If raw washed silica sand 
is not available, reclaimed backing sand may be used for 
` facing, if it is properly bonded. Some beach or dune sands, 
relatively free from crustaceous matter and feldspar, some 
fine building sands, and some natural sand deposits contain- 
ing clay, may also be used as a substitute for silica. 

If bentonite is not available, portland cement, fire clay, or 
some natural clays may be used; corn flour may be replaced 
with ordinary wheat flour; sugar or molasses can take the 
place of dextrine. Whatever substitutes are used, the 
amount of organic materials and clay should be kept to a 
minimum and the amount of good clean sand grains to а 
maximum. 

When cement is used as a bonding material] to replace clay 
and cereals, the mix should contain 11 percent dry cement by 
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weight, and 7 percent water. Molds are then made as though 
regular sand were being used, but they are allowed to “set” 
for 24 to 72 hours depending upon the size of the mold and 
the type of cement. After "setting," the mold is hard 
enough to be used without flask support. The use of cement 
in this way is known as the RANDUPSON process. When using 
this process, clay and cereals in all forms must be avoided; 
backing sands containing clay cannot be used. Water con- 
tent must be controlled very carefully, otherwise the process 
may be explosively hazardous. 

When fire clay is used to replace bentonite in the standard 
Navy synthetic mixture, the fire clay content should be be- 
tween 10 to 14 percent; with this, moisture content should 
be held between 6 and 7 percent. This mixture is most satis- 
factory and is not as sticky as the eguak synthetic all- 
purpose sand. 

SUMMARY 


The primary concern of this chapter has been to present 
the techniques available to analyze the composition of a 
basic sand ; to determine the properties of foundry mixtures; 
and to show the relationship between effective sand control 
and the production of sound castings. It was pointed out 
that the grain fineness, shape, and distribution of a sand have 
an important relationship to the permeability and strength 
it can develop; but at the same time, it was shown that per- 
cent moisture, clay content, and mixing procedure, as well 
as the ramming pressure, all have an effect on the properties 
of a sand in the mold. From this, then, it follows that sand 
control involves more than preparing samples and conduct- 
ing tests. It means applying the information obtained from 
the tests to develop and then control the sand's properties 
so that high quality castings will result. When viewed in 
this light, sand control shows itself to be an important tool 
for supervising foundry operations. 

There are three areas in which the Navy Molder applies 
the techniques of sand control: (1) to maintain routine con- 
trol over each batch prepared for use; (2) to check new sands 
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to determine their properties and potentialities, and to de- 
termine the condition of used sand; and (3) to isolate the 
cause of casting defects arising from sand conditions. 

In the first area, routine tests for moisture, hardness, per- 
meability, and strength are employed to prevent the use of 
mixtures that do not measure up to requirements, and to cor- 
rect the mixture before the sand is used to ram the mold. 

All tests used in area one, plus a test for clay content and 
an analysis of grain fineness, shape, and distribution are em- 
ployed to evaluate a new sand and to determine the effect of 
use on & used sand. For new sands, it is often advantageous 
to prepare a series of experimental mixes to determine which 
mixture gives the best properties for your purpose. With 
used sands, test results will help you decide whether you 
should discard or recondition the material. 

Insofar as defects in castings are caused by sand condi- 
tions, sand test results, in conjunction with the records of 
previous test results, and their relation to the castings pre- 
viously produced, will indicate possible causes for defects, 
and thus suggest waysto eliminate the problem. 

More and more in recent years, foundrymen have adopted 
the techniques of sand analysis and testing to set up stand- 
ards and to control the properties of their sands. Through 
the application of these techniques, which in effect has done 
much to remove molding practice from the realm of an art 
and to place it in that of а modern science, the foundry's 
product has been improved and the percentage of castings 
ending on the scrap heap has been reduced. What sand con- 
trol has done for industry, it can also do for your shop. 
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10. 


11. 


18. 


14. 
15. 
16. 


17. 


QUIZ 


. What kind of information is obtained from analyzing and testing 


foundry sand? 


. In the sense of this chapter, what factors are included under the 


composition of a sand? 


. How much sand is removed and from where should it be taken 


when selecting а sample from the heap? 


How is the moisture content of a sample determined by the stand- 
ard method? 


. When determining a sand's clay content, why is the settling time 


following the initial 10-minute settling period specifled at exactly 
5 minutes? 


. What is the objective of a sieve analysis? 
. What is the grain fineness number (GFN) of a sand? 
. Why is cumulative weighing and plotting the data on a graph a 


more useful way to present the results of a sieve analysis than 
the calculation of GFN? 


. Name and briefly describe two ways of specifying а sand's grain 


distribution. 
What is the basic difference between the samples used to deter- 
mine а sand's composition and those used to test for properties? 


How is permeability determined by the helicoid gage method? 
(Assume that the specimen is rammed, that it has been placed in 
the mercury cup, and that the instrument is properly set up.) 


. What is meant by green compression strength? How is it deter- 


mined? 


What is the relationship between mold surface hardness and mold 
permeability ? 


Define sintering point. 
Why is sand control a supervisory tool? 


Name three casting defects due to the sand expanding in the mold 
during the casting procedure. 


What percentage of fire clay should be used when this material is 
used as a substitute for bentonite in Navy all-purpose sand? 






CHAPTER 


MOLDING PROBLEMS 
A TEST OF SKILL 


To make а mold that will produce а one-piece casting 
of а cup and saucer with а spoon standing in the cup has 
long been considered а challenge to а bench molder's skill. 
It is said that the molder who has the ability to solve this 
problem on his first attempt understands molding techniques 
so thoroughly and possesses the related manual skills to such 
an extent that he can solve almost any molding problem. No 
attempt is made in this volume to provide the solution to the 
cup, saucer, and spoon problem. Nevertheless, if the tech- 
niques illustrated and described herein are understood and 
mastered, you should be able to design a mold that has a 
good chance of solving the problem. 

In a previous volume, Molder 3 «€ 2, NavPers 10584, con- 
siderable space was devoted to molding materials, sand prac- 
tices, types of molds, their basic elements, and the funda- 
mental procedures involved in molding and core making. 
The present chapter assumes that the reader has mastered 
the material presented in Molder 3 £ 2. In this chapter a 
а detailed description of each phase of а molding procedure 
is given only when the problem being presented differs from 
the usual methods employed. Such fundamental operations 
as selecting the flask, riddling sand, peen and butt ramming, 
striking off, slicking, rolling over, drawing patterns, venting, 
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and cutting gates will not be described unless a special tech- 
nique is involved. "These details for the most part are left 
for the reader to fill in. This does not mean that the funda- 
mentals are unimportant. On the contrary, the production 
of а sound casting depends in large measure, upon how well 
the fundamental operations have been performed. 

Since the method of molding is similar in green, dry, and 
skin-dried sand casting procedures, these practices are not 
considered separately. As you may recall, the fundamental 
difference between green, dry, and skin-dried molds (in addi- 
tion to initial moisture content) is the treatment they receive 
after molding is completed and before the casting is poured. 
Dry sand molds are oven-baked to drive off all moisture and 
to develop greater strength and resistance to erosion; skin- 
dried molds are dried to a depth of 14 inch or more by sur- 
face heating with a Hauck burner or an oxyacetylene heating 
torch; green sand molds are poured immediately after they 
are rammed. Although most of the castings you produce 
will be poured in green sand, the other methods offer advan- 
tages when the casting being produced has considerable mass 
or where the formation of excessive mold gas (steam) is likely 
to increase the formation of scab defects on the surface of the 
casting. 

TYPICAL MOLDING PROBLEMS 


To present every conceivable molding job that the Navy 
molder may be called upon to handle would require a size- 
able handbook. Since this is not a handbook, the problems 
presented are typical examples representing classes of mold- 
ing jobs selected to illustrate general principles applicable to 
a variety of jobs rather than detailed instructions to accom- 
plish a specific job. 

The molding procedure for the sanitary pump impeller 
illustrated in figure 6-1 provides а good review of a typical 
split-pattern molding problem and points up several impor- 
tant molding techniques—use of gaggers, soldiers, pop 
gates, and vents. Note particularly the use of nails (See B 
and D of fig. 6-1) as gaggers to reinforce the sand around 
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,F-MOLD COMPLETED | 
Figure 6—1.—Molding a sanitary pump impeller. 
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the hub and the use of soldiers to support the green-sand 
cores which will be suspended in the cope when the mold is 
closed. 'These devices were used to eliminate the possibility 
of fall-out when the mold is closed and to prevent erosion 
of the hub area when the casting is poured. 

When a mold of this type is rammed, the facing sand must 
be tucked carefully between the blades and webbing around 
the hub to get good pattern reproduction. The sand around 
the nails should be tucked and then rammed with а ramming 
tool whose peen has a cross section small enough to be worked 
between the nails without disturbing their position. Mold- 
ing the cope is similar to molding the drag except for the 
placement of soldiers and the insertion of pop gates. 

Since the casting is designed for top pouring, the metal 
will fall a considerable distance before it enters the mold 
cavity. Pop gates are used to minimize splashing and pos- 
sible erosion at the bottom of the mold. Another and per- 
haps better way to handle this problem would be to use а 
strainer core (see fig. 6-12G) in the gating system near the 
entrance to the mold cavity. Still another alternative to 
the design utilized (or in combination with it) is the use of 
& splash core in the drag at the bottom portion of the hub. 
The method illustrated, however, was used successfully by 
the New York Naval Shipyard. In common with other ex- 
amples presented in this chapter, more than one mold design 
may be devised to produce a sound casting. 

The problem illustrated in figure 6-2 is typical of the 
class of work in which the principle of casting in the drag 
is applied. While this is not a true flat-back mold, the de- 
sign of the part is such that only a portion of the boss need 
be cast in the cope. No special molding techniques are neces- 
sary to solve this problem. As a rule, though, when molding 
gears, better results are obtained when the facing sand is 
forcefully thrown between the teeth instead of tucked. 

Although the overall procedure is relatively simple, a great 
deal of skill is necessary to make а mold that will produce а 
casting having sound gear teeth properly positioned on the 
pitch circle. Drawing a gear pattern from the sand is the 
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Figure 6—-2.—Molding а cast iron cog gear. 


trickiest part of the job. If something goes wrong during 
the draw, mold the part over. Patching the teeth portion of 
the mold is seldom satisfactory. 


Match Board Molding 


Many castings produced in the foundry are small sym- 
metrical shapes whose designs lend themselves to split pat- 
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tern molding. These shapes can be molded individually and 
poured in а separate flask, but this is not а very economical 
procedure. Usually the quantity of such shapes required at 
any one time or the frequency of requests for them makes 
the use of а match board desirable. The hinge lug shown 
in figure 6-3H is typical of this type of molding problem. 
Through the use of a match board similar to that shown at 
A and B, small shapes can be molded with a minimum of 
hand molding operations while at the same time dimensional 
accuracy and internal soundness is uniform from one casting 
to another. 

The conventional molding procedure is to ram the drag 
and then ram the cope. А somewhat similar procedure can 
be employed in hand match buard molding if the molder uses 
the proper precautions to prevent damage to the cope face 
of the board. In the standard match board hand molding 
procedure, however, the method is as follows: 

1. Place the cope flask, joint side up, on the bench. 

2. Place the match board, drag side up, on the cope. 

8. Place the drag on top with the flask pins extending 

downward through the match plate and cope pin holes. 

4. Ram the drag. (After а bottom board has been rubbed 

` to a bearing, roll the flask over. Rolling over can be 

done in one operation or in two steps; that is, the whole 
assembly can be rolled over as a unit, ог if the assembly 
is bulky, the drag section with the match board and 
bottom board may be lifted off the cope and rolled over, 
followed by placing the cope, joint down, on top of the 
match board.) 

5. After roll over, set the sprue and riser pins in position 

апа ram the cope. 

6. With the cope completed (sprue and riser pin drawn 

and the pouring basin formed), rap the.match board. 
(If the molding bench is equipped with а vibrator, use 
it. Vibrating is less likely to deform the mold. Fre- 
quently, though, rapping must be done by hand. Here, 
the process involves the insertion of а draw spike 
through the cope riser cavity which in turn is jarred in 
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[6- MoLO COMPLETE MAN | H- FINISHED CASTING 
Figure 6—3.—Molding with a match board. 
335343 О —55——14 





the usual manner. Rapping the board jars the sand in 
both the cope and the drag. Remember that а number 
of light taps in either direction is better than one or two 
heavy raps.) 

7. Carefully lift the cope off the match board, lift the 
match board off the drag, complete the mold interior 
(remove gate patterns or cut gates as required), and 
close the mold for pouring. 

Assuming that the flask pin alinement is true and that 
the pins fit snugly, disassembly and reassembly are no more 
difficult than in any other molding procedure. 

When you study the sequence of operations shown in fig- 
ure 6—3 you'll note that the procedure illustrated differs from 
that outlined. It also differs from the usual drag first se- 
quence in that the cope is completed before the drag. Note 
how the flask section and match board shown at C are set 
up on wood blocks to avoid damaging the patterns on the 
underside of the match board. E and F show the position- 
ing апа removal of the horn gate while G and Н show the 
completed mold and the finished casting. 

We made the point in a previous chapter that frequently 
any one of several mold designs may be used successfully to 
produce a sound casting. Often the type of pattern equip- 
ment used and thus the molding procedure depends upon the 
number of castings to be produced. For example, if a large 
number of castings like the pulley wheel shown in figure 
64H are required, it would be worthwhile to make a core 
box and use a dry sand core to form the groove in the rim 
of the casting. On the other hand, if а limited number of 
these castings are required, the use of less elaborate pattern 
equipment may be in order. А method for producing а 
grooved pulley wheel with relatively simple pattern equip- 
ment is illustrated in figure 6—4. Since the procedure differs 
considerably from the usual method of molding we will con- 
sider it in some detail. 

The pulley problem illustrated has two important aspects: 
Making the green sand core and removing the pattern from 

the mold. To make the green sand core it is necessary to 
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Adapted from Stimpson, et aL, “Founary Work," 
1948, American Technical Society 


Figure 6—4.—Molding a pulley wheel. 


mold a false cheek; to remove the pattern from the mold re- 
quires a special sequence of operations. The sequence and 
techniques involved are as follows: 

1. Place a cope flask, joint down, on a mold board and posi- 
tion the cope half of the split-pattern and a sprue pin 
in the flask. Ram the cope in the usual manner as shown 

- at A. Place a bottom board on top of the cope and 
roll the flask over. 

2. Next, cut the sand at the flask joint down about 30° 
to the tip of the groove all around the circumference of 
the pattern (See B, fig. 6-4). Since the cut down sur- 
face area will serve as а core print as well as a parting, 
its length must be sufficient to support the core after 
the pattern has been removed.. Note that two-third- 


of the space between the intersection of the cut down 
parting line and the flask joint line and the innermost 
point of the groove will be а core print. Adequate core 
prints are always important; in this problem they are 
crucial. 

8. After cutting down the print-parting, slick the surface 
area, sprinkle parting sand over the parting and place 
the drag portion of the pattern and flask in position. 

4. The next step is to mold the green-sand core. Care- 
fully tuck facing sand into the grooved portion of the 
pattern. Ram the core tightly and form a parting hav- 
ing the same angle on the drag side of the core as that 
previously formed in the cope (D, fig. 6-4). Slick this 
surface area and blow out any loose sand. Apply part- 
ing sand to the entire mold joint area and ram the drag. 

5. Now lift off the drag (E, fig. 6-4). Note that the core 
remains in the cope. Next, rap and remove the pattern 
from the drag. Close the mold, place a bottom board 
on top of the drag, and roll the entire flask over. 

6. Lift off the cope (F, fig. 6—4), then rap and draw the 
cope half of the pattern. Check the mold interior care- 
fully and repair damage if required. Set the vertical 
dry-sand hub core and close the mold for pouring (G, 
fig. 64). 


Molding Pressure Fittings 


A reducing pipe fitting is a problem that lends itself to 
several molding positions. А two-part split pattern offers 
the simplest molding procedure. This method is satisfac- 
tory in many cases. But when a high quality fitting is re- 
quired, the cast on-end procedure shown in figure 6-5 pro- 
duces а casting having greater metal soundness. Неге 
solidification is similar to that occurring in a billet with all 
dross and dirt rising to the top of the casting where it can 
. be easily removed by the machine shop. 'The on-end pro- 
cedure requires more cores (a cover as well as a center core) 
and a larger number of molding operations than does the 
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Figure 6—5.—Molding a reducing pipe fitting. 


horizontally positioned split-pattern method. However, 
the higher quality casting obtained more than offsets the 
additional operations involved in coremaking and molding. 
In the on-end procedure illustrated, the drag is rammed 
with the large flange end of the pattern on the mold board. 
Next, as shown at B, a parting is cut flush with the top of 


the upper flange. Then, after the loose flange part of the 
pattern (C) is removed, the cover core (D) is placed in posi- 
tion and the remainder of the drag is rammed. After rolling 
the drag over, attach the cope flask section. Then place the 
cope core-print pattern-part, the sprue, and the riser pins in 
position and ram the cope. А sectional view of the com- 
pleted mold with the center core in place is shown in figure 
6-5Н. 

Figure 6-6 illustrates the pattern equipment, the high 
lights of the molding procedure, and & view of & pressure 
housing before the removal of the sprue, gates, and risers. 
The problem is а straightforward split-pattern job. It has 
been included because it represents a class of castings having 
heavy wall sections and areas of mass. Further, it is the 
type of problem in which clean sound metal is particularly 
important. 

Four shrink heads were included in the mold design to 
provide metal to those areas where shrink defects might 
occur. To make sure that an adequate supply of clean metal 
enters the mold with а minimum of splashing, turbulence, 
and erosion, two parting line runners and a pair of horn 
gates feeding into the bottom of risers were incorporated 
into the single sprue gating system. А comparison of the 
cope (D), the drag with the core in place (E), and the cast- 
ing as shown at F will make the mold's design apparent. 

Facing nails were inserted into the face of the mold to 
reinforce the sand pockets around the flanges. Nails were 
also placed at similar points in the drag. Other than the 
details noted, the procedure follows that of drag first. 
molding. 

| Molding Intercast Members 


Cast units having linked or intercast members are chal- 
lenging molding problems. A cast unit like a series of chain 
links in which considerable clearance exists between the inter- 
cast parts is а problem in designing a system of gates and 
risers and not a problem of preventing fusion of the inter- 


204 


[D- COMPLETED COPE | 


qi. 
м Ж. 





Figure 6—6.—Molding a pressure housing. 


cast parts. The molding positions of the link patterns are 
alternately flat and upright. Half of each link is cast in the 
drag, the other half in the cope, with each link being com- 
pletely surrounded by sand. This, of course, requires two 
different link pattern designs: One splitting the link into 
two elliptical half-round parts, and one separating the link 
into a pair of C's. The design of the mold may be one in 
which the series of links have а common gating system, or 
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Figure 6—7.-—Molding intercast members. 
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each link may be provided individual sprues, gates, and 
risers and poured separately even though they are in the 
same mold. | 

Intercast members like the swivel hook illustrated in fig- 
ure 6-7 require a two-step casting procedure. First the hook 
itself (A) is molded and cast; then the swivel is cast around 
the hook's shank. Assuming that the hook has been cast, the 
procedure for producing the final intercast unit is as fol- 
lows: Prepare the hook's shank to prevent fusion between 
it and the swivel when the latter is poured and to provide 
the clearance necessary to permit the required freedom of 
movement in service. This preparation consists of remov- 
ing all roughness from the shank and head of the hook and 
then building up this surface area with a coating of sand. 
The coating is built up by repeatedly applying a coating of 
core oil followed by sprinkling a thin layer of fine sand over 
the area until the desired thickness is obtained. The sand- 
eoated hook is then thoroughly oven-dried. Next, make the 
cope and drag halves of the core illustrated at C, figure 6—7. 
The core box setup shown at B requires careful planning on 
the part of the patternmaker. The hook portion must be 
the same size as the precast hook to provide a tight fit when 
the hook is later inserted in the core. The swivel portion 
must allow for metal contraction. After the core has been 
rammed and baked, place the hook in the drag portion of 
the core and paste the cope portion of the core in place. 
Then ram the core in а mold as if it were a flat-back pattern 
as shown at D. This last step is not essential. It is recom- - 
mended, however, as an added precaution against possible 
metal breakout. | 


Special Techniques 


An infrequently used but valuable technique is STOPPING- 
OFF. This is a molding operation in which an unwanted de- 
pression made in the mold by the pattern is filled in with 
molding sand or а special core. The stop-off part of the pat- 
tern may be included in the pattern's design to avoid spring- 
ing during molding or to prevent warping while in stowage. 
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Typical patterns having a stop-off are those with a tie bar 
between the parallel members of a yoke, or plate patterns 
having reinforcing bars. No special problem is involved 
here. The pattern is molded in the usual way. After draw- 
ing, the depression made by the stop-off portion of the pat- 
tern is filled with sand. Stop-off pattern parts are usually 
indicated by alternating stripes of yellow and black shellac. 


PARTING 








Adapted from J. A. Shelly, “Patternaaking,”’ 
1920, The Industrial Prese ; and “Patternmak- 
ers Manual," 1958, American Foundrymen’e 
Boctety 


Figure 6—8.—Molding with a stop-off. 


Occasionally the term stopping-off refers to the process 
of reducing the size of a mold made by a pattern that is too 
long or too wide, but which is correct in all other respects. 

The most frequent application of this technique is with 
cylindrical bodies. As shown in figure 6-8, a half section 
of the stop-off pattern is placed in the mold to form the part 
adjacent to the section that is to be filled in or stopped-off - 
with sand. The original pattern is usually marked with 
strips of wood to indicate the length required. In figure 
6-8, А is one-half the original pattern showing the portion 
to be stopped-off. B is a section of the flask (both cope and 
drag are alike) with the mold cavity formed to original pat- 


tern size. C shows the stop-off pattern in position; sand is 
filled in around it as indicated. D shows one part of the 
mold after stopping-off. The stop-off core shown in figure 
6—15 is another way in which a stop-off may be employed. 
The problem of molding a part whose shape does not lend 
itself to the usual molding procedure, because it cannot be 
placed flat on the mold board to bring the desired portions 
of the pattern into the cope and drag, can be solved by bed- 
ding-in or by using а follow board. If a large number of 
castings are required, it may be worthwhile to have the Pat- 
ternmaker construct a follow board. On the other hand, if 
only one or two castings are to be made, the molder would 
probably bed the pattern in the drag and cope out а parting. 
The use of a follow board means extra work for the Pattern- 
maker. Yet, bedding-in, coping-out, and so on, involves & 
lot of extra, time-consuming hand molding operations, par- 
ticularly if the process must be repeated six or seven times. 
Another solution to the problem is the use of an upset or 
sand match. Figure 6—9 shows a latch arm pattern typical 
of this sort of problem and the sand match constructed for it. 


The frame for the upset is usually secured to & bottom 
board. The diameter of the frame should be slightly smaller 
at the top than at the bottom. This taper serves to hold the 
sand in position when the match is subsequently rolled over. 
The height of the frame depends on the pattern and the 
amount of coping-out necessary. When the upset has been 
constructed, riddle in sand and ram it up as if it were an 
empty flask. After trowelling the surface smooth, place the 
pattern in the desired position on top of the sand. Then, 
dig out under that portion of the pattern that is to extend 
into the cope until the pattern sinks to the desired parting 
line. If the match is to be used for more than a few molds, 
the pattern outline on the face of the match should be painted 
with molasses mixed with water to give it а hard resistant 
surface. | 

The exact technique for making the match depends on th 
job at hand. In the match illustrated, it was necessary to 
bed the pattern slightly as well as to cope out. Once the 
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Figure 6—9.— 4A sand match or upset. 


match has been made the mold is rammed by using the match 
as though it were а mold board; that is, the drag is placed 
on the frame, rammed, and rolled over in the usual manner. 
Then, after removing the match, the cope is rammed and 
the mold completed. 

Making a mold from an old, worn, or broken casting is & 
job frequently encountered on а Navy repair ship and at 
advanced base foundries. Handling this kind of a job re- 
quires greater skill and familiarity with unique techniques 
than is usually required for jobs in which a pattern is uti- 
lized. Castings whose patterns originally offered little or 
no obstacle in ramming or withdrawing from the mold often 
become complex problems when the mold must be produced 
from the casting. Aside from the problems presented in 


molding, the casting must be prepared for use as а pattern. 
The surface must be cleaned and smoothed so that it will 
draw from the sand, tap holes must be filled, missing parts 
must be built in, machine surfaces must be lagged or built 
up, core prints must be added, and the necessary core boxes 
provided. Celastic or other sheet plastic is used for build- 
ing up, closing holes, and allowing for contraction. Since 
the technique is employed only as an emergency procedure, 
contraction is usually ignored on the pattern, but is some- 
what compensated for by additional rapping. The new part 
consequently will be slightly smaller than the original, but 
usually not sufficiently so to effect the emergency function of 
the part. 

The problem illustrated in figure 6-10 shows а procedure 
for producing а mold from a casting. Although the part is 
small, it is а more complex molding job than that offered by 
many of the emergency jobs that turn up in.the foundry. 
Some of the more complex features of the casting illustrated 
include an irregular parting line, small but relatively deep 
pockets, and а depression in the casting which will interfere 
with drawing the pattern from the mold unless a special 
molding technique, a drawback, is employed. А detailed 
description of the molding procedure illustrated in figure 
6—10 follows. 

The first step is to select an appropriate flask. Then place 
the drag, joint up, on a bottom board and fill the drag with 
riddled facing sand. Bed-in the pattern and the horn gate. 
(See A, fig. 6-10.) Complete the ramming operation, fre- 
quently checking the location of the previously selected 
parting line on the casting as ramming proceeds. After 
slicking the joint line (B), check the vertical position of the 
pattern and that portion of the parting line lying in the same 
plane as the flask joint line to be sure that they are satisfac- 
tory. Note the area where sand projects into the pattern. 
Thisisthe drawback area. 

Cope-out (cut down) the sand to form the irregular part- 
ing line. Make the downward slope as shown at C as gentle 
as possible so that the bearing area is large, and thus avoid 
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the need for special reinforcing in this portion of the cope. 
Note that the horn gate terminals are in the irregular parting 
plane rather than the flask joint plane. This factor has to 
be considered when the gate and pattern are bedded-in. 

Now study the mold area in which the drawback is to be 
constructed. Visualize the various angles of possible draw. 
Choose the one giving the most immediate separation of sand 
and pattern face. Then cut out, remove loose sand, and slick 
the drawback trough. (D, fig. 6-10.) Next, prepare a sheet 
metal drawback support and place it in position as shown 
at E. Be sure that clearance is allowed between the plate 
and the pattern. If proper clearance is not provided, the 
plate may fuse to the casting when the mold is poured. 
When assured that the plate fits and will slide freely in the 
trough, remove the plate and shake parting talc over the 
drawback area. 

Coat the upper surface of the drawback plate with core 
paste and replace it in the mold. Then carefully tuck a layer 
of facing sand into the depression in the pattern. Next, cut 
foundry nails to an appropriate length, coat them with core 
paste, and place them as shown at F, figure 6-10. The nails 
are included in the structure to reinforce the sand in the 
drawback so that it will more readily withstand the stress 
of drawing. Also, their inclusion makes the job of patching 
less difficult should damage occur. After inserting and bed- 
ding the reinforcing nails, finish the drawback as shown at G. 

Having completed the drag, attach the cope, shake parting 
sand over the parting and pattern, position the sprue and 
riser pins, and ram the cope. Note the manner in which 
the foundry nails shown in H are used to reinforce the green 
sand that projects down into the pocket from the cope. The 
sand around the nails must be carefully tucked and rammed. 
 Ramming between the nails is best done with a narrow slat 
(14- to 3%-inch thick) as a peen. Complete the cope, remov- 
ing sprue and riser pins, and form the pouring basin. Then 
carefully lift off the cope. This is a difficult lift and the 
chances are you'll have some patching to do. 

When it is necessary to repair a portion of the mold, the 
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patch should be worked in place by hand. This permits the 
sand to bond better than when the surface is slick. The 
surface should not be slicked until the patch area has been 
completely built up. If the sand in the mold is too dry to 
patch properly, it should be moistened to form & good bond. 
The moisture should be applied with a spray rather than a 
swab. Since the sand in the patch has a greater moisture 
content than that in the mold (it hasn't had an opportunity 
to dry out as has the mold), the patch should be well vented 
to avoid the formation of excess steam. 

The view at I shows the mold after it has been opened. A - 
parting line gate has been cut in the cope to permit metal flow 
from the sprue to the horn. Note how the print on the cope 
will function to hold the drawback in position when the 
mold is closed for pouring. 

The next procedure is to withdraw the green sand core 
(drawback). This is probably the most difficult step in the 
molding operation. First, scribe a line across the drag face 
to mark the closed position of the drawback as shown in I. 
Then rap the pattern. Gently vibrating the pattern back 
and forth with one hand, work the core away from the 
recess in the pattern. With the drawback clear (J), re- 
move the pattern from the mold (K). Cut the gates be- 
tween the risers and the mold cavity (L) and close the mold. 
The inset at L shows the casting used as a pattern in this 
problem. 

Floor Molding 


The molding problems illustrated and discussed thus far 
have involved typical bench molds. In the main, the floor 
molding techniques presented in the following paragraphs 
are similar to those used in bench molding. However, since 
the mold is usually too large and too heavy for one man to 
handle, and since greater volumes of sand are rammed up, 
the details of the molding techniques differ. In bench mold- 
ing the problem of sand dropping out (drop-outs) while the 
cope is being manipulated is not critical unless there are in- 
tricate contours or masses of sand projecting from the cope 
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into the drag. Sand in flasks up to 15 inches in diameter will 
support itself. Sand in flasks larger than this requires 
support. Flasks for floor molds exceed the 15-inch size. 

In general, then, the cope of a floor mold needs reinforc- 
ing bars and, usually, gaggers. These devices must be ar- 
ranged and positioned in the cope so that they do not touch 
the pattern or interfere with the molding process. Asa rule, 
а 34 to 1 inch minimum clearance should exist between 
 gaggers and the pattern and a minimum of 2 inches between 
the wooden bars and the pattern. Space between the cross- 
bars should be from 5 to 6 inches. When considering the 
depth of the flask, remember that 1 to 3 inches of sand (de- 
pending on the mass of the casting) is required between the 
bottom board and the bottom of the mold to prevent burn- 
ing the bottom board. "The inside of the cope, including the 
crossbars, should be thoroughly cleaned and coated with a 
clay wash. Gaggers also should be freshly clay washed as 
they are positioned in the mold. 

Floor molds are often made in standard steel flasks. Fre- 
quently, though, the odd size of the part makes the use of 
a specially constructed wood flask necessary. These flasks 
are made by the Patternmaker. The drag is merely a frame 
of the required size, but the cope is made with built-in rein- 
forcing bars (or ribs). (See fig. 6-11E.) The bars аге cut 
as required to provide the proper clearance between the bars 
and the pattern. When a standard flask is used, the Molder 
inserts the bars himself (usually steel rod) and wedges them 
in place with wood blocks. 


In general, floor molding with a wood flask involves the 
following procedure. First, p'ace the mold board in a solid, 
level position on the foundry floor. This is best done by 
making a shallow bed of sand on the floor, placing the board 
on the bed, and tucking sand under the mold-board cleats 
as necessary to level the board. Then place the drag on 
the board and position the pattern. At this point, the cope 
should be placed on the drag to check the position of the 
pattern relative to the cope reinforcing bars. After making 
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any adjustments necessary, the cope is removed and the mold- 
ing process begun. 

As in bench molding, facing sand is riddled over the 
pattern to a depth of 1 inch, followed by hand tucking the 
sand firmly around the pattern. Next, a 4-inch layer of heap 
sand is shoveled into the drag and peen rammed around the 
inner edge of the flask. After adding а second 4-inch layer 
of sand and peen ramming, fill the flask heaping full and 
physically “walk off” the drag by treading down the heap 
with your feet. Butt ram and strike off the excess sand. 
After thoroughly venting the drag, place а bottom board in 
position, clamp the assembly firmly and prepare to roll it 
over. Make а sand bed adjacent to the flask so that the 
bottom-board cleats will rest level when the drag is rolled 
over. After roll over, tuck and ram sand under the cleats 
as necessary to make the flask level and solid. Then remove 
the clamps and mold board. 

Check the face of the mold for soft spots. Where these 
exist, press down solidly with your fingers, fill in the de- 
pression firmly by hand, rub the spot level, and then slick 
the parting with a trowel. With the parting completed, 
place & small handful of sand at those locations on the 
parting surface where sprue and riser pins are to be in- 
serted. Next, place the cope half of the pattern in position 
and shake parting sand over the pattern and parting. Next, 
riddle facing sand over the pattern and drag parting surface 
to а 1-inch depth. Carefully tuck sand around the pattern. 
With а trowel, remove the lumps of sand previously placed 
on the face of the drag to mark the position of the sprue 
and riser pins and then attach the cope. Riddling facing 
sand and tucking around the pattern before the cope is 
attached is necessary when a wood flask having built-in 
reinforcing bars is used. "There are several reasons: if the 
operation were performed with the cope in place, the facing 
sand could not be riddled evenly over the drag since the 
reinforcing bars would interfere; in similar fashion, the 
bars may interfere with the tucking operation. 
` After cleaning and clay washing the cope, attach it to the 
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drag and insert the sprue and riser pins. Riddle in another 
1-inch layer of facing and tuck sand tightly under the re- 
inforcing bars and around the pattern. Next, place gaggers 
as necessary. For maximum effectiveness, two-thirds of the 
length of the gagger shaft should be above the lower edge of 
the cope crossbars. The entire gagger should be dipped in a 
clay wash before it is set in place. 

Having tucked sand under the bars and placed the gaggers, 
fill the flask with heap sand and peen ram between the bars, 
being careful not to strike the gaggers, the pattern, or the 
reinforcing bars. Then fill the flask heaping full, walk it 
off, and butt ram. After striking off, removing the sprue and 
riser pins, and venting to within 14 inch of the pattern, pre- 
pare to lift off the cope. 

Lifting the cope of a floor mold requires at least two men; 
occasionally it requires а hoist. Place a set-off box or а pair 
of wood or metal trestles next to the flask to support the cope 
after it has been lifted from the drag. Usually, it’s advisable 
to prepare 4 wood wedges which can be driven in, a little 
at а time, between the cope and the drag parting joint at 
each corner of the flask. Separating the cope and drag in 
this manner increases the probability of lifting without mold 
damage. The cope must be carefully handled while being 
placed in an inverted position on the set-off, joint side up. 

Before the pattern is drawn from the mold, parting sur- 
faces should be tested for soft spots and repaired as neces- 
sary. Usually foundry nails must be inserted to provide 
extra reinforcement where small pockets of sand exist. When 
these steps are completed, moisten the sand adjacent to the 
pattern with & bosh (avoid using an excess of water) ; then 
rap and draw the pattern. 

If the casting contains nickel, use kerosene instead of water 
to swab the pattern before the draw. Nickel will not lay 
against water but will lay against kerosene if it is not used 
in excessive amounts. Finally, cut the gates between the 
mold cavity and the sprues and risers, make any necessary 
repairs, spray the mold with graphite or other suitable coat- 
ing, and close the mold. Clamping the flask is essential. 
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Figure 6—11.—Molding a large valve body. 
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Avoid jarring the mold in the process, though, or the mold 
may be destroyed. Use a small pinch bar to tighten the clamp 
with wedges; never drive the wedge under the clamp with 
a striking tool. 

Some of the highlights of the floor molding procedure 
discussed in the preceding paragraphs are illustrated in fig- 
ure 6-11. Note particularly the use of facing nails at D and 
the placement of gaggers at E. 

Large-head facing nails may be used to eliminate the possi- 
bility of mold erosion due to the cutting action of flowing 
metal. The use of this technique is especially important in 
dry sand molds for steel castings. The nails should be in- 
serted at dished-out places at the bottom of runners, near 
gates, and at all edges and projections. Spacing should be 
at about 1l-inch to 114-inch intervals with the heads flush 
with the mold surface. These molds are then washed with a 
mixture of quartz ground to the fineness of flour (silica 
flour) and molasses water applied with а soft brush. After 
washing, the molds are baked. The view at E clearly illus- 
trates the point previously made about the spacing of rein- 
forcing bars and the fact that they must be prepared to pro- 
vide the proper clearance. Note also that the edges of the 
bars are beveled. 

The construction of a pouring basin on top of the cope 
is а procedure'commonly used in floor molding, particularly 
when the mold is constructed with a split pattern. In the 
valve body problem illustrated, the pouring basin supplies 
metal to two sprues which fill the mold through the gates 
shown at F. Special risers were not included in the mold 
design. Wall thickness in this instance is uniform and the 
casting design is such that progressive solidification will oc- 
cur. After the mold is filled, the twin sprues will serve as 
feed heads. 

Although the majority of floor as well as bench molds may 
be produced in а 2-part flask, occasionally the shape or the 
height of the casting makes the use of one or more cheek 
sections necessary. А sketch of such a casting and the mold- 
ing procedure for producing a flanged machine base is illus- 


trated in figure 6-12. With a problem such as this, thought 
should be given to the flask as well as to the mold design. 
Making the height of the cheek flask section equal to that of 
the cheek portion of the pattern simplifies molding because 
an irregular parting is avoided. Where the height of the 
casting is great it may be advisable to split the cheek into 
more sections. Аз a rule, though, a mold design having the 
least number of partings is preferred. 


The first step in the molding procedure illustrated in figure 
6-12 is to ram the drag core print. After rolling the drag 
over and tooling the parting, attach the cheek section and 
place the cheek portion of the pattern in position. Although 
reinforcing ribs are not included in the cheek in this problem 
(fig. 6-12D), some cheek molds require the cheek as well as 
the cope to be provided with built-in support bars. In this 
particular problem, the use of gaggers in the cheek should 
adequately reinforce the sand. 


With the cheek section of the pattern and flask in position, 
insert the sprue pin, sprinkle parting sand over the drag 
parting, and riddle in a 1-inch layer of facing sand. Then, 
place freshly clay-washed gaggers as shown at D. Note that 
the shanks of the gaggers are placed against the sides of the 
flask while the toes are angled toward the pattern. Be sure 
that a 34-inch clearance exists between each gagger toe and 
the pattern. Next, tuck facing sand around the pattern, fill 
the cheek with sand, finish ramming the cheek, and make 
the parting. In a similar manner, ram the cope placing the 
sprue and riser pins as required. Figure 6-12Е shows the 
mold after the cope has been rammed. 


Since the mold is high a step gate is used to reduce sand 
erosion and turbulence at the bottom when the mold is 
poured. Offsetting the cheek and cope sprues decreases the 
height of metal fall and thus contributes to the production 
of а sound casting. А 3-part mold in which the metal enters 
at the bottom of the mold cavity lends itself well to step gat- 
ing and down pouring. To further decrease the possibility 
of erosion, the bottom of the step gate may be a dry-sand 
core. 
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Figure 6—12.—Molding a machine, base. 
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Prior to opening the mold to draw the pattern, fillet the 
cope portion of the pouring cup and form the riser overflow 
cavity. Then lift off the cope, place it in an inverted position, 
joint side up, on trestles, draw the cope portion of the pat- 
tern, slightly fillet the sprue, and cut the gate between the 
riser and the flange mold cavity. Next, bosh and rap the 
cheek portion of the pattern and lift the cheek flask section 
from the drag. The pattern should not lift with the cheek. 
After lifting, carefully set the cheek on trestles. Since it 
does not have reinforcing bars, the cheek should not be 
rolled over. To do so may damage the mold. As a conse- 
quence, the bottom in-gate between the sprue and the mold 
cavity is more awkward to cut than the step gate between 
the offset sprues in the top parting. When the cheek is com- 
pleted, rap and draw the core print from the drag. Figure 
6-12F is a sketch of these mold opening steps. The final 
phase of the job involves setting the core and closing the 
mold. Ап isometric cross-sectional view of the completed 
mold is shown in figure 6-12G. 

A pouring basin similar to that shown in figure 6-11H 
may be constructed if desired. An alternative procedure in- 
volves the use of a pouring cup as shown in figure 6-19G. 
Here the sprue hole at the top of the cope is filleted and the 
preformed cup positioned above the sprue. Sand tucked 
into the space between the pouring cup's outer wall and an 
enclosing metal ring anchors the cup to the cope. Another 
feature of the pouring cup in this instance is the strainer 
core. This device should not be used when more than 75 
pounds of metal is poured as the core will disintegrate and 
wash into the casting. 

Occasionally facing materials like flour, plumbago, and 
graphite are applied to the face of а mold to impart a 
smoother surface to the casting. Silica flour is used for most 
nonferrous casting jobs, graphite is used for the usual iron 
casting, and plumbago is used when the casting is heavy or 
the casting alloy contains considerable phosphorus. A tech- 
nique often employed when facing materials are used is that 
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of printing back, that is, replacing the pattern in the mold 
after the facing material has been applied. Printing back 
sharpens the detail of the mold cavity. 


` MOLDS AND CORES 


Although many of the problems presented in this chap- 
ter have used cores in the mold design, little has been said 
about core making or the problems involved in core setting. 
The materials, equipment, and fundamental techniques of 
coremaking were discussed in Molder 3 & 2. Any molding 
job involving cores must employ sound core making prac- 
tices. To perform its function, this specially treated sand 
mass must be capable of forming internal and external parts 
of the casting without breaking, distorting, or eroding while 
being assembled, being set in the mold, or while the casting 
is being poured. To be satisfactory, а core must maintain 
its strength during the initial stages of metal solidification, 
but at the proper time it must disintegrate to permit nor- 
mal metal contraction. А core therefore must have adequate 
green strength to maintain its shape after being rammed 
and turned out of the core Бох; it must have sufficient dry 
strength to withstand handling during assembly and set- 
ting; it must possess the quality of refractoriness so that it 
can withstand the heat of surrounding metal; it must be 
sufficiently permeable to facilitate the venting of gasses; and 
it must be capable of disintegrating at the proper time. Ob- 
taining these characteristics of a satisfactory core involves 
the sclection and mixing of suitable materials, the utiliza- 
tion of proper ramming and rodding techniques, and per- 
haps most important of all, proper baking. The skill neces- 
sary to produce satisfactory cores is gained through experi- 
ence in applying the fundamentals presented in Molder 3 & 2. 


Cores and Prints 


You are familiar with the conventional application of both 
green- and dry-sand cores to produce hollows and depressions 
in castings. An example of a common core type is illustrated 
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in figure 6-6E. There, as in most jobs involving cores, a 
most important element is the core print. The print size nec- 
essary to support the core depends on many factors including 
the weight of the core, the mount of liquid displaced, the 
kind of metal, and whether the core is partially or completely 
submerged. However, by a rule of thumb, the length of 
core prints for horizontally positioned cores are made one- 
half the diameter of the core plus 1 inch. The diameter is, 
of course, governed by the size of the opening in the casting. 

There are four main types of core prints: extended, sur- 
face, set, and ram-up. EXTENDED PRINTS are most common. 
Here a section of the core extends into a recess in the mold. 
This is the kind of print illustrated in figure 6-6E. 

SURFACE PRINTS are used when a portion of the main body 
of the core is not covered by metal. In this instance, rammed 
molding sand bears directly on the core and holds it in 
place. А print of this kind is illustrated by the cope por- 
tion of the kiss core shown in figure 6-13A. 

SET CORE PRINTS are small cores that protrude from the 
surface of the mold a distance equal to the thickness of the 
metal desired. These small cores support the main body 
core which rests on top. Ifthe design requires a casting with 
solid walls, chaplets rather than set cores are necessary. 

The fourth basic type of core print, the RAM-UP PRINT, 18 
rammed up with the pattern. Instead of forming a portion 
of the casting as is the case with the ram-up core shown in 
figure 6-14, the ram-up print aids in setting a main body core 
correctly since а tapered portion of the print corresponds 
to & hole in the main body core. Usually ram-up prints are 
employed only in the drag. There are many variations of 
these basic print types. Consequently, you may hear cores 
as well as their prints called by a variety of names, i. e., 
wing, drop, and tail, among others. 

Some cores, like the kiss core shown at A, figure 6-13, do 
not have a core print as such. They depend on contact pres- 
sure to hold them in position. Cores for vertical molds are 
frequently held in position in this way. Usually, though, 
a print is provided to locate the core in the drag. The length 
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Figure 6—13.— Some typical core applications. 


of the core should be about 14, inch longer than the pattern 
so that the core will be held firmly by the pressure of the 
sand. 

When a casting has an opening on one end only, a balanced 
core like that shown at B, figure 6-13, may be employed. 
Here, the length of the print must be sufficient to support 
the weight of the core projecting into the casting and to 
resist the force of buoyancy exerted by the metal surround- 
ing it. The use of this core design without chaplets is lim- 
ited to small castings. As a rule, chaplets will be necessary 
in large castings to ensure uniform wall thickness. 

Occasionally a cover соге (fig. 6-13C) may be used to ad- 
vantage when the casting has a deep pocket. This general 
shape can be produced by a green-sand core projecting from 
the cope, but if more than a few castings of this type are to be 
produced the use of a cover core like the one illustrated sim- 
plifies the molding problem. Another way to make this kind 
of shape is to use a hanging core as illustrated at D. Неге the 
core is held in position by wires or rods run through the cope 


and attached to a support bar instead of being supported by 
a print. 
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Ram-up cores are used to form portions of a casting that 
are difficult to make in green sand. They are incorporated 
in the mold during rather than after the mold is rammed. 
The ram-up core is positioned in the flask with the pattern 
and then remains in the mold after the pattern is withdrawn. 
The principle is illustrated in figure 6-14. When ram-up 
cores аге used, the mold should be poured as soon after 
ramming as possible, otherwise, the ram-up core will absorb 
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Figure 6—14.—A ram-up core. 


enough moisture to cause blows. А somewhat similar appli- 
cation involves the use of a core as a core print, as previously 
described. This is usually done when it is apparent that 
green sand will not provide an adequate bearing surface for 
the print of a large core. Sometimes a core used as a substi- 
tute for a green sand print is called а SET-UP CORE instead of 
а ram-up print. 

Figure 6-15 illustrates how a core may be used as a stop- 
off. In the problem illustrated, the core also forms the 
slotted holes in the vertical leg of the casting. Thus, in this 
case, the core performs a dual purpose; that of a core form- 
ing a portion of the casting, and that of a stop-off to prevent 
metal from entering that part of the mold cavity formed by 
the core print. 

Whether simple or complex, self-supporting or held in 
position by chaplets and wires, cores must be carefully as- 
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Figure 6—15.—-A stop-off or tail-print core. 


sembled and checked for dimensional accuracy before they 
are set in the mold. In a production shop, checking may be 
done with special jigs; in а job shop, the molder relies on 
calipers and а rule. As coring becomes more intricate, check- 
ing and assembly increases in importance. This point is 
illustrated by the interlocking series of cores necessary to 
produce the diesel engine cylinder liner shown in figure 6-16. 
In this instance, a high degree of accuracy is required to 
produce a sound dimensionally accurate casting. The series 
of photos in figure 6-16 tell their own story. Two views of 
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Figure 6—16.—Mold and cores for diesel engine cyiinder liner. 
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the casting are shown at А and B; C illustrates the com- 
pleted cope and drag; D, the cores involved; E, the jigs used 
to check the size of cores; and F, G, and H show the core 
setting sequence. 


Effect of Fluid Pressure and Buoyancy 


Whether a casting is produced with or without cores, cer- 
tain forces tend to distort the mold when it is poured. Not 
only must the mold resist erosion and heat, all parts must 
remain in the molded position. What are the forces that 
act on the mold surface when the casting is poured? On the 
one hand, the fluid or head pressure exerted against the 
mold cavity surface area of the cope tends to lift the cope. 
On the other hand, that property of а liquid which permits 
it to support & body lighter than itself (buoyancy) tends to 
float the core out of the desired position. If the opposing 
forces are not equal to or greater than those of fluid pressure 
and buoyancy, the casting will be dimensionally defective, 
the flash at the parting line will be excessive, and run-out 
тау occur. 

Consider first a mold without cores. The force required 
to hold the cope down depends on the height of the column 
of fluid metal (that is, the vertical height of the sprues 
and/or risers), the projected surface area of the cope in 
contact with the metal, and the weight per cubic inch of the 
metal being cast. For the sake of illustration, assume that 
a solid yellow brass slab 10’’ X 10'^ X3'' is to be cast in the 
drag of a 15-inch square flask in which both the cope and 
the drag have a 6-inch depth. 'To determine how much 
weight must be placed on the cope to prevent lifting, we 
have to find out two things: (1) what fluid pressure or lift- 
ing force is acting on the cope, and (2) what is the force 
resisting lift ? 

The answer to this latter question is found by determining 
the total weight of the cope, including sand, gaggers, and 
flask. First find the volume of the flask 


(15^ X 15'^ X 6" == 1850 cu. in.) 
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and multiply this result by the weight in pounds per cubic 
inch of molding sand (0.06). If part of the mold cavity is 
in the cope, the weight of that volume of sand must be de- 
ducted from the total. In our sample problem, the entire 
cope is filled with sand and the value we use is 81 pounds 
(1850X0.06). То this, add the weight of the flask and 
gaggers. Since a standard 15-inch cope weighs approxi- 
mately 15 pounds, and since gaggers are not used in the prob- 
lem under consideration, the total downward force resisting 
the upward push because of fluid pressure is 96 pounds. 

The next step is to determine the force tending to lift the 
cope. This force depends on three factors: (1) the projected 
surface area of the cope in contact with the fluid metal; 
(2) the height of the head above this area of contact; and 
(3) the kind of metal being cast. In our problem, the ef- 
fective area of the casting in contact with the cope is 100 
square inches (10” X10”). 

The next consideration is the height of the riser or head. 
Since the contact area is at the flask joint, and since the depth 
of the flask is 6 inches, the head in this case is 6 inches. The 
number of sprues and risers or their diameters have no effect 
on fluid pressure; the vertical height is the essential factor. 
However, the size and number of sprues and risers must be 
considered when the weight of the cope is calculated. 

The final factor in determining the fluid pressure tending 
to lift the cope is the weight of the metal to be cast in pounds 
per cubic inch. This value for yellow brass is 0.307. The 
result obtained when these three factors are multiplied is the 
force acting against the cope. Fluid pressure tending to 
raise the cope may be determined with the following formula 

P=Ahm 
Where 
P=fluid pressure tending to raise the cope (pounds) 
A=projected area of cope in contact with the casting 
(square inches) 
h=height of head (inches) 
m weight of the metal (pounds per cubic inch) 
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Substituting values for the symbols, the fluid pressure in 
this case is 184 pounds (100X 6X 0.307). The difference be- 
tween the downward force as represented by the total weight 
of the cope (96 pounds) and the fluid pressure (184 pounds) 
18 the amount of weight that must be placed on the cope to 
keep it from lifting. It is customary to add 25 percent to 
this value to compensate for meta] velocity and head pres- 
sure when the mold is poured. For the conditions of our 
problem, then, the weight placed on top of the mold is 110 
pounds (184— 96 - 95906). 

In the majority of bench molds, the effective contact sur- 
face area is not nearly so great as that in the problem pre- 
viously considered. А 6" by 6'' or 36 square inch contact 
area is more representative. The larger contact area was 
chosen to illustrate an extreme case. Usually, one standard 
mold weight is sufficient to keep the cope of a bench mold 
from lifting. Where the contact area is small, the weight 
of the cope exceeds the pressure exerted by the metal. This 
is the case where the contact area is 6” by 6". Here the 
pressure exerted against the cope is 66 pounds while the 
weight of the cope is 96 pounds. 

When а core is included in the mold, additional factors 
must be considered. In addition to those involved in the 
previous problem, it is necessary to know the volume and 
weight of the core, the depth to which it 18 submerged, and 
whether or not the core is totally submerged or bears against 
the cope. For the moment, consider the latter condition; 
that is, a core bearing against the cope. Assume that in- 
stead of a 3-inch thick slab, a pan-like casting having similar 
dimensions, but with walls 14-inch thick is required. The 
core forming the inside of the casting will be 9'^ x 9" x 214’ 
while the mold cavity itself will be 10'^x10' x3". As 
shown in the cross-sectional sketch at A, figure 6-17, the 
casting is made entirely in the drag. 

Since the cope in this problem is the same as in the previous 
one, the downward force is 96 pounds plus the weight of the 
core. Core weight can be determined by weighing or by 
calculation. In the problem considered, core weight is 19 
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Figure 6—17.—Mold with core bearing against the cope. 


pounds (9х9х2.5х 0.06). Adding this to the weight of the 
cope gives a total downward force of 108 pounds. То cal- 
culate the upward force of liquid pressure in the present 
problem, it is necessary to determine the area of metal con- 
tact with the cope, the area of metal contact under the core, 
and the height of the head in each instance. 

Start with the area of the cope in contact with metal. 'The 
area of interest here is equal to the difference between that 
of a 10-inch square and a 9-inch square, or 19 square inches 
(10x10—9X9). Next, determine the metal contact area 
underthecope. Inour problem, this surface area is 81 square 
inches. Now determine the head or the vertical distance be- 
tween the top of the head and the contact area at the cope 
(6 inches). Then determine the head to the contact area 
under the cope (815^. Using the formula P= Alm, solve 
for the fluid pressure in both instances. The sum of these 
results is the total force tending to lift the cope. Pressure 
bearing directly on the cope equals 35 pounds (19 x 6X 0.807). 


Pressure bearing directly on the cope equals 211 pounds 
(81 X 8.5 0.807). The total force acting upwards is 246 
pounds. Thus, 187 pounds (150 plus 25%) must be placed on 
top of the cope to prevent lifting in this case. 

When the core is not in contact with the cope, we have 
a somewhat different phenomenon. The force acting on the 
core during the pouring operation is related to the differ- 
ence in weight between the core and the metal it displaces 
rather than the height of the head. The total force tend- 
ing to lift the cope then, is a combination of the forces act- 
ing on the cope alone and those acting on the core. It was 
pointed out previously that a liquid will support a substance 
lighter than itself. In most pouring operations a core tends 
to float or be buoyed up with a force greater than its own 
weight since all metals heavier than aluminum have densi- 
ties greater than sand. 

Assume that we have a core whose dimensions are 
9'^x9'^x2'. Assume further that including its reinforc- 
ing rods the core weighs 10 pounds. If this core were placed 
in a liquid it would sink until it displace a volume of metal 
whose weight was equal to the weight of the core. The depth 
to which it sinks depends upon the liquid in which it 1s 
placed. It will float higher in brass than in steel because the 
latter is lighter. To submerge the core to a greater depth 
than normal flotation requires the application of additional 
downward force. For each unit volume of immersion be- 
yond initial flotation, additional pressure in pounds equal 
to the weight of the liquid displaced is required. Once the 
core is submerged the force required to keep it submerged 
is the same whether it is just under the surface or several 
inches below. 

For purposes of illustration, assume that а yellow brass 
cored casting having outside dimensions 10" X 10’ х8” 
with 14-inch thick walls is required. The core is 9’ X 9'^ X2” 
and weighs approximately 10 pounds. Аз the metal enters 
the mold and rises in the mold cavity, the first force to op- 
erate is that tending to float the core. When the metal just 
reaches the flotation point, the forces are exactly balanced ; 
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that is, the weight of the core (a downward force respond- 
ing to gravity) equals the upward force of buoyancy. With 
continued filling the buoyant force increases in magnitude 
until the core is completely surrounded with metal. At this 
point the force exerted on the core remains constant. 'To 
determine the magnitude of the force tending to lift the core 
when it is completely submerged, and thus the amount of 
weight or force needed to keep the core in the proper posi- 
tion, use the following formula: 
B=vd—w 

Where 

B= force to hold submerged core in position (pounds) 

v= volume of core (cubic inches) 

d= weight of metal (pounds per cubic inch) 

10 = weight of core (pounds) 


First determine the volume of the core. In our problem, 
core volume is 162 cubic inches (9X9X2). Multiply the 
core volume by the weight per cubic inch of the metal being 
cast. Since yellow brass weighs 0.307 pounds per cubic inch, 
the buoyant force acting on the submerged core is 49.7 
pounds. Subtracting the weight of the core from the buoy- 
ant force gives the amount of additional weight needed to 
hold the core in à submerged position. In this case, 39.7 
pounds are needed to keep the core in place. (P=162X 
0.307-10). 

Next, determine the force acting to lift the cope. The sum 
of the forces acting on the cope and the core is the total 
weight that must be placed on top of the mold. In our prob- 
lem, shown in figure 6—18, the fluid pressure tending to lift 
the cope is 138 pounds while the downward force is 87 pounds. 
(Note that the weight of the cope here must take into con- 
sideration that portion of the mold in the cope. Also note 
that the head at the projected contact area is 414 inches.) 
To hold the cope alone, then, 51 pounds must be placed on 
top of the cope. Since the buoyant force tending to lift the 
core will be transmitted to the cope, either through chaplets 
or prints, the force in pounds required to hold the core down 
must be added to that required to keep the cope-from lifting. 


Thus, the total weight placed on the cope in this problem, 
including а 25-percent safety factor, is approximately 100 


pounds. 
= 
— — 





Figure 6—18.—Mold with tetally submerged core. 


Most molding jobs involve shapes much more complex 
than those used to illustrate the principles involved in cal- 
culating the forces tending to lift the cope and float the core. 
The complicating element is the surface areas and volumes 
involved. Where the shapes are irregular you'll have to 
break them down into their simple elements and make an esti- 
mate of area and volume. Another point to bear in mind 
in determining fluid pressure tending to raise the cope is 
that the effective area is not necessarily the total surface area 
of the casting in contact with the cope. The projected sur- 
face area must be used or the estimate of pressure will be in 
error. This projected surface area is illustrated in figure 
6—19. 

Assume that the casting has a cylindrical shape and is 
cast in а horizontal position. Here the effective area is not 
one-half the circumference of the cylinder multiplied by the 
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length (78.5 square inches) but the area of a plane parallel 
to the flask joint line. As shown in figure 6-19, the area of 
the projected surface in the sample illustrated is 50 square 
inches. When shapes are more irregular, use the largest di- 
ameters as factors to determine surface area. The value used 
for height of head should be the distance in inches from the 
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Figure 6—19.—Projected surface area of metal contact in cope. 


top of the sprue to the plane selected as the projected surface 
area. Since most cores are not completely surrounded by 
metal, the usual practice is to determine the volume and 
weight of that portion of the core that is nearly surrounded 
and to use these values to calculate buoyancy and lift. Table 
12 lists the weight per cubic inch of some of the common cast- 
metal alloys. | 
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TABLE 12.— Weight of Common Cast-Metal Alloys 





Core Setting 


Core setting is the last operation before closing the mold 
and pouring the casting. As you know, this step must be 
accurately accomplished or the casting walls will not meet 
thickness specifications. For the usual run of jobs, one of 
the basic types of core prints previously discussed will serve 
to hold the core in its proper position before and during the 
pouring operation. Occasionally, though, the design of the 
core is such that the body weight of the core exceeds that 
which the core prints can support without distortion or 
breaking. When this situation exists, it 1s necessary to pro- 
vide chaplets to support the main body of the core before the 
buoyant force tends to lift the core during the pouring opera- 
tion. Further, if the buoyant force developed exceeds the 
strength of the core print it is necessary to provide chaplets 
above the core to resist this force. Also, when long horizontal 
cores are used, chaplets may be needed below the cores to pre- 
vent them sagging from their own weight. 

Chaplets should not be used unless they are essential. Yet, 
in a given instance, it may be impossible to produce a dimen- 
sionally accurate casting without them. However, before 
you decide to use chaplets, study the problem carefully. Con- 
sider the design of the mold. Determine the forces involved 
and the relation between core print supporting capacity апо 
the weight of the main body of the core. If a study of the 
problem indicates that chaplets are required, the next сол 
sideration is how many, what size, and what material. 


Most cores are not completely surrounded by metal, nor do 
they bear completely against the cope as discussed previously 
in relation to figures 6-17 and 6-18. Instead they are sup- 
ported, at least in part, by core prints projecting into the 
mold. For this reason, it is usually necessary to consider 
core-print bearing area and the load carrying ability of the 
sand as well as the weight of the core and the buoyant force 
involved. Normally, rammed green-sand can be assumed to 
support a weight of 5 pounds per square inch, while baked 
oil-sand can support 75 pounds per square inch. 

Assume that you have a core of a given size and weight and 
that you know the forces of fluid pressure and buoyancy in- 
volved. The next question to which you want an answer is 
whether the core prints are capable of supporting the core 
without resorting to chaplets. If not, you want to know how 
many chaplets are needed. 

First, consider the load bearing capacity of the core prints. 
This is equal to the projected surface area of the print multi- 
plied by the compression strength of the sand (5 pounds per 
square inch). Ifthe print is rectangular or square, the effec- 
tive area is that of the flat surface parallel to the bottom of 
the mold. On the other hand, if the prints are cylindrical, 
the projected area is determined in a manner similar to that 
illustrated in figure 6—19. For example, a cylindrical core 
print having 1%-іпсһ diameter and length of 3 inches is 
capable of supporting a load of 2215 pounds (1.5X3X5). 
The total load that the core prints of à mold can carry is 
equal to the sum of the projected bearing areas multiplied by 
the compressure strength of the sand. 

When the weight of the core or the buoyant force exceeds 
the load carrying capacity of the prints some provision must 
be made for distributing the excess load. Sometimes this 
can be done by using ram-up core prints. This technique 
spreads the load over а greater green-sand area, while the 
print area itself is greatly strengthened since baked core 
sand can carry 75 psi. To illustrate, suppose you have a 
core weighing 55 pounds supported by two 115-inch by 
8-іпеһ prints. In green sand, these prints are capable of 


239 


supporting 45 pounds (2 х 2214). By making the print of 
baked core sand so that the base of the print is 215 inches 
by 3 inches the green sand is then able to support а core 
weighing 75 pounds without changing the size of the print 
on the core (215 X3X5X2). 

The decision to use ram-up core prints to distribute the 
` weight of a core over a larger green sand area should be 
made during the production planning conference since core 
boxes are required. The same thing is true when chaplets 
are to be used. 

To illustrate the procedure involved in determining chap- 
let requirements, assume that you are asked to make a yellow 
brass casting like the one shown in figure 6-20. Here, an 
unbalanced core, well anchored in the mold at one end is 
used. А step by step procedure for чыи chaplet 
requirements follows: 





Adapted from W. H. Dietert, *Foundry Core 
Practice,’ 1950, American Foundrymen’s 
Society 


Figure 6—20.—Casting for which chaplets are required. 


Determine the weight of the core nearly surrounded by 
metal. In effect the core consists of two cylinders; one, 
12-inches long with a 3-inch diameter, the other, 3-inches 
long with а 114-inch diameter. The total core volume nearly 
surrounded by metal is 90 cubic inches. The weight, then, is 
5.4 pounds (900.06). 

Next, determine the buoyancy that will tend to lift the 
core when the mold is poured. Using the method previously 
described, the force of buoyancy acting on this core is 18.6 
pounds. 
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The safe load carrying capacity of the green-sand print 
is 11.2 pounds. Here the projected area of the print is 
2.25 square inches. When more than one print supports а 
core, the safe load carrying capacity is the sum of the car- 
rying capacity of all prints. Each print must carry its 
proportional share of the core weight. For example, assum- 
ing that the core is symmetrical, if two prints were carrying 
the core, each would have to support 2.6 pounds. 

Now determine the difference between the forces acting on 
the core and the load carrying capacity of the prints. The 
difference must be carried by chaplets. Actually, there are 
two problems here: (1) Supporting the core before metal is 
poured; and (2) holding the core in position during and 
after pouring until solidification progresses sufficiently to 
make support unnecessary. Examine the first problem. 
Even though the single print is capable of carrying a 11.2- 
pound load when the weight is evenly distributed over the 
prints projected surface area, it does not necessarily mean 
that it is capable of carrying the weight of а core when the 
load is not evenly distributed. This is the case when a mold 
has an unbalanced core. Here there are local concentrations 
of stress that exceed the sand's capacity to resist loading. A 
calculation of the stresses involved requires & determination 
of centers of gravity and bending moments which are beyond 
the scope of this training course. The amount of support 
that an unbalanced core requires, however, depends on the 
unbalanced force it exerts. If you are confronted with this 
problem in a critical situation, the amount of support re- 
quired to hold up the unbalanced end can be determined with 
a spring scale as shown in figure 6-21. The core should be 
positioned in the setup so that the entire print rests on a block 
of wood or other rigid member, while the point of contact 
between the unbalanced portion of the core and the spring 
balance is the same as that selected as the point of chaplet 
contact. The value in pounds indicated on the scale is the 
amount of support the chaplet must provide. 

For the casting shown in figure 6-20, the chaplet under 
the core must carry approximately 4 pounds of the core 
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Figure 6—21.— Determining. unbalanced weight of unbalanced core. 


weight. Now the green sand under the chaplet will support 
5 pounds per square inch of area. But the weight carried by 
the chaplet must be distributed over a sufficient area to pre- 
vent the chaplet from sinking into the sand. "This area is 
caled the NECESSARY CHAPLET AREA. Chaplet area is de- 
termined by dividing the load on the chaplet by the load car- 
rying capacity per square inch of sand. In our problem, the 
necessary chaplet area is 0.8 square inch 


(5=0.в) 


From this information we know that the chaplet selected to 
support the core must have sufficient strength to support 4 
pounds and must have а bearing area of 0.8 square inch. 
Since so little weight is involved and the chaplet area required 
is relatively small, one chaplet will adequately support the 
core before the casting is poured. (See table 13 for typical 
chaplet load carrying capacity and head size.) 

The second problem involves the chaplets placed above the 
core to resist the buoyant forces acting on it. Since the 
core is а rigid member, and since the buoyant force tending 
to lift the core acts equally on all portions of the core, whether 
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TABLE 13.— Load Safely Sustained by Chaplets in Molten Metal (Cast 
Iron) 


Double head Stem chaplet 





it is balanced or unbalanced, the load is distributed equally 
throughout the projected surface area of this core print. 
Consequently, the difference between the force exerted by 
buoyancy and the load carrying capacity of the print equals 
the load to be carried by the chaplets. In our problem, the 
excess load due to buoyancy that the chaplet will carry 18 
7.4 pounds (18.6—11.2). The necessary chaplet area in this 
instance is 1.48 square inches. Chaplets with a head surface 
area equal to the necessary chaplet area and with strength 
to adequately support 7.4 pounds are required in the prob- 
lem illustrated. 

Theoretically, one chaplet meeting the above requirements 
will support the core. There are other considerations, how- 
ever. One is the tendency for gas to form under the head of 
the chaplet. For that reason it is better to use several 
chaplets when the necessary chaplet area is large. In the 
problem discussed, two light chaplets are recommended 
rather than one chaplet having а head equivalent to 1.48 
square inches. 

Another consideration is the diameter of the chaplet stem. 
This diameter must be sufficient for the chaplet to support its 
share of the core weight even when the temperature of the 
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chaplet approaches that of the surrounding metal. For this 
reason, the chaplet strength must be somewhat greater than 
that needed to support а load under normal conditions. 
Chaplets are manufactured with these considerations in mind. 
Thus, when you select chaplets meeting the requirements of 
necessary chaplet area and length of stem, the strength factor 
is taken care of by the design. 

Chaplets for nonferrous castings are usually made of 
copper, while those for ferrous castings are usually made of 
Soft steel. In either case, the chaplets must be thoroughly 
clean and free of oxide and dirt before they are placed in 
the mold. 

Always place the chaplet head with the greatest area 
against the green sand. The most commonly used type of 
chaplets are those having double heads. Stem chaplets are 
employed to hold down large cores, while sheet metal chaplets 
are used in light castings. In any event, several light chap- 
lets are better than a single heavy one. If the use of chaplets 
can be avoided, sound castings are more likely to be produced. 


SUMMARY 


This chapter assumes that the reader is thoroughly familiar 
with the material covered in Molder 3 & 2. Detailed descrip- 
tions of the molding problems illustrated were given only 
when the procedure or techniques employed differed from the 
usual job foundry procedure, or where detail was necessary 
to illustrate а principle. It was pointed out, however, that 
although fundamentals are not discussed herein, they are of 
utmost importance in making a satisfactory mold. 

It should be borne in mind that a given casting can usually 
be produced in more than one way. The molding methods 
illustrated represent one way to approach a given problem, 
not necessarily the only way. But no matter how you decide 
to design your mold, it will serve its function only if care and 
skill have been exercised during the ramming operation. 
Poor ramming not only leads to soft spots on the face of the 
mold, but also increases the amount of time spent in finishing 
and patching. 
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'The chapter's first section deals with typical bench molding 
problems. It was pointed out that while the production of 
a mold for a cast gear may not require а special molding 
technique, it does require skillful molding. If something 
goes wrong during molding, it is usually better to mold the 
part over rather than to patch the teeth portion of the mold. 
Techniques illustrated in this section include the use of a 
false cheek to produce а pulley wheel, a cast-on-end method 
for molding a reducing pipe fitting, à procedure for making 
intercast members, a technique known as stopping-off to re- 
duce the size of a mold cavity, and the use of а sand match 
as a substitute for a follow board when molding irregular 
patterns. 

An old casting was used as a pattern to illustrate the con- 
struction and use of a drawback. This is a useful technique 
when a depression in the casting interferes with drawing the 
pattern without damaging the mold. The important point 
here is the selection of the drawback angle. Study the mold 
carefully and choose the angle giving the most immediate 
separation of sand and pattern face. The procedure illus- 
trated, with modifications to suit particular requirements, 
may be used to advantage in eliminating or reducing the 
number of core boxes necessary, particularly when only a few 
castings are required. In such a situation, a drawback may 
permit the completion of a job economically and in less time 
since it permits the use of less complex pattern equipment. 


While floor molding is very similar to bench molding, some 
differences do exist. Probably the most important factor 
here is that greater volumes of sand are involved. The mere 
fact that sand in a flask larger than 15 inches cannot support 
its own weight requires that special provisions be made to 
avoid drop-outs in the cope. When using reinforcing bars 
and gaggers to support the cope sand, be sure that the proper 
clearance is provided between the pattern and the support 
devices: 34 to 1 inch between the pattern and a gagger, 2 
inches between wood bars and the pattern. Two-thirds of 
the gagger shaft should be within that part of the cope sup- 
ported by reinforcing bars. The bars themselves are usually 
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spaced 5 to 6 inches apart. Both gaggers and reinforcing 
bars should be clean and freshly clay washed. As а rule, 
floor molds also require reinforcing nails to provide extra 
support to sand in pockets. Frequently, facing nails are 
necessary to enable the mold to resist erosion. Although 
standard flasks are often used, the flask for a floor mold is 
frequently made of wood by а Patternmaker to meet the re- 
quirements of a given job. 

The manner in which а core is held in its proper position 
is just as important as the requirement that it have adequate 
green and dry strength, refractoriness, and the capacity to 
disintegrate at the proper time to permit normal metal con- 
traction. The most common method for supporting the core 
involves the use of а core print, usually one of four basic 
types: extended, surface, set, or ram-up. Horizontally posi- 
tioned extended core prints are most common. Here the 
diameter of the core print is determined by the opening in 
the casting. А rule of thumb for determining the length of 
the print for horizontal cores states that the print should be 
one-half the diameter of the core plus 1 inch. 


Whether or not the prints are capable of supporting the 
core can be determined by calculating the forces acting on 
the core and comparing these forces with the load carrying 
capacity of the print. Print load-carrying capacity is equal 
to the print’s projected area multiplied by the strength of the 
sand in the print. The forces acting on the core depend upon 
the weight of the core, the amount of metal the core dis- 
places, and the kind of metal being cast. Remember that 
the prints must support the core before the casting is poured 
as well as while it is being poured. Where the forces acting 
on the core exceed the carrying capacity of the prints, chap- 
lets or some other method of providing support must be 
used. Chaplet requirements depend upon the necessary 
chaplet area; that is, the ratio of the load to be carried by 
the chaplets and the load carrying capacity of the green 
sand. 


Several problems were presented to illustrate the forces 
acting to distort a mold while the metal poured is still molten. 
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One of these factors is fluid pressure which tends to lift the 
cope. Another is buoyancy which tends to float the core. It 
was shown that fluid pressure (P) depends on the projected 
surface area of metal contact with the cope (A), the height 
of head (л), and the weight in pounds per cubic inch of the 
metal being cast (m). The formula for determining fluid 
pressure, then, is P= Ahm. Оп the other hand, buoyancy 
(B) depends on the volume (v) of the floating body im- 
mersed in the liquid, the density (d) of the liquid in pounds 
per cubic inch, and the weight (w) of the floating body. 
The formula for buoyancy is B= vd — v. 

By studying the mold design, determining the factors of 
fluid pressure and buoyancy, and comparing the sum of these 
forces with the total weight of the cope, gaggers, supports, 
and sand resisting the upward lift, the Molder can determine 
how much additional weight must be placed on top of the 
cope to keep it from lifting. For the usual bench mold, one 
standard flask weight is sufficient to keep the flask from 
lifting. 
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1. 


QUIZ 


What is а fundamental difference among green, dry, and semi-dried 
molds? 


2. When molding gears, how should sand be molded around the teeth? 


8. 


Why is the false cheek molding technique an advantage in some 
molding problems? ' 


4. How does the cast on-end molding procedure aid in the production 


5. 


of a sounder casting? 
What is meant by the term stopping-off? 


6. Why is the diameter of the frame for an upset or sand match 


7. 
8. 


10. 


11. 


12. 


13. 
14. 


15. 


slightly smaller at the top than at the bottom? 
How is an old casting, to be used as a pattern, prepared for use? 


Why is clearance between a drawback support and the pattern 
essential? 


Why should a patch be worked in place by hand rather than with 
a slick or a trowel? 


Why does the cope of a floor mold usually require reinforcing bars 
and the cope of a bench mold does not? 


Where are foundry nails usually used? 
When is plumbago used as a facing material? 
What is a ram-up core print? 


Upon what factors does the amount of weight required to hold 
the cope down depend? 


What is buoyancy and how is it a factor in molding? 
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CHAPTER 





FACTORS IN MELTING 


BACKGROUND 


Hundreds of alloys are produced in a wide variety of 
furnaces in commercial foundries. In the Navy’s shipboard 
and advanced base foundries, however, foundrymen nor- 
mally produce castings from 16 alloys melted either in oil- 
fired, electric-rocking, coreless-induction, or  iron-pot 
furnaces. No matter which one of these alloys is cast, the 
production of a sound casting depends on many of the fac- 
tors discussed in previous chapters as well as in sections of 
Molder 3 & 2. Previously discussed factors influencing a 
casting’s soundness include casting, pattern, and mold de- 
sign; molding sand properties and molding techniques, cal- 
culation of the charge and furnace charging methods; fur- 
nace operation, adjustment, and maintenance; pyrometric 
control; melting and tapping temperatures; and the pouring 
procedure. 

Through the application of design principles and sand 
control techniques, the foundryman can avoid or eliminate 
many kinds of casting defects. In the production of a di- 
mensionally accurate, metallurgically sound casting, the 
procedure used to melt down the heat is just as important as 
properly conditioned sand suitably molded around a pattern 
designed to facilitate directional solidification. 

For a given job, the melting procedure employed depends 
on the kind of furnace available and the alloy to be melted 
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and poured. This means, among other things, that the 
foundryman must be familiar with the operating character- 
istics of his melting unit as well as the procedures for operat- 
ing and maintaining the furnace. А summary of the 
operating procedures for typical furnaces available in Navy 
foundries is presented in Molder 3 & 2. Specific informa- 
tion on the operation and maintenance of the furnace at your 
duty station is contained in the instruction manual furnished 
by the manufacturer of your equipment. Study these in- 
structions carefully, particularly when you transfer to a 
shop having equipment with which you are not familiar. 
Actually, it is a good idea to review the operating instruc- 
tions periodically just to be sure you have the details cor- 
rectly in mind. Proper furnace operation and knowledge 
of the unit’s characteristics are important factors in the melt- 
ing procedure. Furnace characteristics as related to the 
melting procedure are discussed in a subsequent section of 
this chapter. 
FACTORS IN MELTING 


Many factors influence the success or failure of the melting 
procedure. We have indicated some of these factors in the 
preceding paragraphs and we will expand on them here. 
In brief, the factors included in the melting procedure are: 
(1) the operating characteristics of the furnace, including 
the condition of the lining and the spout, (2) furnace melt- 
ing losses as they influence the calculation of the charge, 
(3) furnace preheat and the charging procedure, (4) the 
rate at which the charge is melted, (5) the tendency of 
metals to absorb gases at high temperatures, (6) the sequence 
of incorporating metals into the melt, (7) degassing and de- 
oxidizing techniques, (8) pyrometric control of the melting, 
superheat, and tapping temperatures, and (9) solidification 
characteristics of each metal. In addition to these, the 
human element is a most important factor. The furnaceman 
must not only know what he is doing, he must exercise the 
utmost care during the entire melting procedure. Upon 
his control depends the quality of the metal poured. 


Furnaces, Charging, and Melting Losses 


Each furnace has its peculiarities. For that reason, even 
though the basic types have common characteristics, the 
Molder must familiarize himself with the individual dif- 
ferences manifested by the furnace with which he does his 
melting. Before discussing the characteristics of basic 
furnace types, let's look at some generalizations applicable 
to all furnaces. 

First, no matter what type of melting unit is available, 
its lining must be in good condition. The material from 
which the lining is made must not only be suitable for the 
metal being melted (see chapter 3), but, after relining or 
patching, it must be thoroughly dried to eliminate moisture. 
Further, the lining must be clean and free of dross, slag, 
and foreign matter. Lining maintenance is essential to good 
melting practice. 

А second generality is preheating. Never charge metal 
into & cold furnace. To do so lengthens the time during 
which the metal is exposed to heat and thus increases the 
probability of oxide and gas formation. A principal reason 
for preheating, however, is to drive off any moisture the lin- 
ing may have absorbed from the atmosphere while the fur- 
nace was idle. While the furnace is empty, then, it should 
be preheated to the tapping temperature of the metal to be 
melted. Since metal tapping temperatures differ, and since 
a cold furnace requires more time to attain a given tapping 
temperature than a hot furnace, the amount of time required 
for proper preheat depends on the furnace, its temperature 
prior to preheating, and the tapping temperature of the metal 
involved. Although an experienced furnace operator can 
estimate lining temperatures by color, it is better to check 
with an optical pyrometer. While adequate preheat is essen- 
tial, excessive preheat should be avoided. Temperatures 
higher than needed shorten lining life. 

In addition to the requirement that a casting be metal- 
lurgically sound and dimensionally accurate, it must possess 
a specified chemical composition. Prerequisites for the pro- 
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duction of castings having & desired composition are (1) a 
knowledge of the composition of foundry alloying materials, 
and (2) the ability to calculate a charge accurately. The 
former requires that scrap be carefully segregated and 
stowed so that the chemical composition of scrap as well as 
new materials is known. The latter involves shop arith- 
metic. Both prerequisites are presented in Molder $ 2 and 
will not be dealt with in detail here. Calculating a charge 
is somewhat simplified when a standard charge calculating 
form is used (see fig. 10-2, Molder 3 & 2). In brief, the 
arithmetic involves the following: 

1. Total weight of metal desired in the charge times the 
percentage of the particular element in the desired 
charge, divided by 100, gives the total weight of the ele- 
ment required. 

2. Total weight of element charged times the percentage 
melting loss of the particular element, divided by 100, 
gives the weight loss of the element. 

3. Result obtained in step 1 plus result from step 2 gives 
the actual weight of element which must be charged. 

In the usual foundry nomenclature dealing with melting 

losses, percentage is used when the loss is figured on the basis 
of the amount of element originally present. That is, with 
an original carbon content of 0.50 percent, а 10 percent loss 
would be 0.05 loss and reduce the carbon to 0.45 percent. 
When speaking of actual losses, each 0.01 percent reduction is 
called а point reduction. In this case, a 10 point loss would 
reduce carbon to 0.40 percent or 40 points. 

^ Melting losses are very important in the calculation of 
charges. The average losses cited in subsequent paragraphs 
are those that normally occur when the melting practice is 
correct. Iftemperatures higher than those necessary to melt 
the various alloys are used, the melting losses may also be 
considerably higher and more inconsistent. To obtain a cast- 
ing having а specified composition, the charge must be ac- 
curately computed, but the melting temperatures must be 
carefully controlled to avoid melting losses exceeding those 
expected. 


When the proper preheat temperature is attained, do not 
delay the charging and subsequent melting sequence. With 
any type of melting unit, melt the charge as rapidly as possi- 
ble, employ.& melting temperature no higher than necessary, 
avoid slag formation, and pour the metal as soon as possi- 
ble after melting. As a rule, a flux is not necessary if the 
melting procedure is correct. 

A final generality applicable to all furnaces is that dis- 
similar metals should not be melted in the same lining or 
crucible. During the melting of a ferrous metal, the lining 
material absorbs iron. If the following heat is a brass or a 
bronze alloy, it will be contaminated with iron. Similarily, 
the converse is true. Ferrous heats may be contaminated by 
copper, tin, or zinc. If an emergency makes melting dis- 
similar alloys in the same lining or crucible necessary, run a 
wash-heat similar in composition to the desired alloy. This 
procedure will cleanse the lining and help to prevent con- 
tamination of the planned heat. Bear in mind, though, that 
wash heats are uneconomical. The resulting metal is usually 
not suitable for any casting and must therefore be discarded. 

OIL-FIRED FURNACES are intended primarily for melting 
copper and aluminum-base alloys. Open-flame units are not 
very satisfactory for aluminum, but are.in common use in the 
production of brass and bronze, even though they tend to pro- 
duce an inferior grade of metal. Crucible units, on the other 
hand, are satisfactory for the production of all nonferrous 
alloys while properly prepared iron-pot furnaces are most 
satisfactory for aluminum and aluminum-silicon alloys. 


One of the more important factors in melting with any oil- 
or gas-fired fürnace is control of the furnace atmosphere. 
Constant attention by the furnace operator is necessary to 
maintain the proper adjustment of fuel and air supply. 
Flame adjustment should be slightly oxidizing. A reducing 
flame must be avoided as the gases of incomplete combus- 
tion, particularly hydrogen, are readily absorbed by the 
metal during the melting procedure. While these gases are 
absorbed by the metal when it is at a high temperature, 
many of them are expelled only when the metal solidifies. 


Thus, they may cause the casting to be porous and to develop 
a spongy structure. In по case should the flame be permitted 
to impinge directly on the charge. When the furnace is 
charged beyond its designed capacity direct flame impinge- 
ment is likely to occur. 

Melting losses in oil- or gas-fired furnaces vary with 
furnace design, furnace atmosphere, and melting practice. 
Assuming that the melting practice and furnace atmosphere 
are correct, the average melting losses for copper-base alloys 
in an open-flame unit are from 0.5 to 0.75 percent tin, 0.75 
to 1.5 percent zinc, and up to 0.25 percent lead. In а crucible 
furnace, the average melting losses are slightly lower: 0.5 
percent tin, 0.75 percent zinc, and not over 0.25 percent lead. 

Aluminum melting should not be attempted in an open 
flame unit because melting losses and gas absorption are ex- 
cessive. In а crucible or iron-pot furnace melting losses for 
aluminum are negligible. To avoid iron pickup in the iron- 
pot furnace, preheat the pot to a temperature slightly above 
that of boiling water. Then paint the pot with a wash made 
by mixing 7 pounds of whiting in a gallon of water. Small 
addtions of sodium-silicate to the mixture improve adhesion. 
A film of moderate thickness should be built up in the pot. 

Ав а rule, scrap and remelt material are charged into the 
furnace first. The ingot material is placed on top. With 
copper-base alloys, a flux, if used, is placed in the furnace 
before the charge. When melting aluminum the flux is 
placed on top of the charge. If there is а possibility that 
some of the ingot may be directly impinged by the flame, it 
is advisable to charge а portion of the ingot after the mate- 
rial in the furnace becomes plastic. 

Exercise care when charging a crucible. Avoid poking 
or dropping heavy pieces of metal into the crucible. Like a 
furnace lining, crucibles, too, must be cleaned between heats 
and preheated to a red heat before charging. Dissimilar 
metals should not be melted in the same crucible. However, 
crucibles in which silicon and aluminum bearing alloys were 
melted may be used for melting silicon and aluminum bronzes, 
but should not be used for melting any other alloys. 
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ELECTRIC ROCKING FURNACES (indirect-arc and resistor 
types) installed aboard Navy repair ships are suitable for 
melting both ferrous and nonferrous metals. Successful 
melting in these furnaces depends primarily upon careful 
maintenance of the refractory lining and proper operating 
technique. 

An outstanding feature of these furnaces is their rocking 
or rotating action. Heat from the electrodes radiates in all 
directions. Some of this heat is absorbed by the charge, the 
remainder is absorbed by the refractory lining. As the shell 
rocks back and forth, the charge washes over the heated 
lining and absorbs heat by conduction. This action serves 
to shorten the melting time and helps to produce a homo- 
geneous mixture. For this reason, it is important that the 
furnace be brought to full rock as soon as practicable so that 
the heat absorbed by the lining can be utilized to best advan- 
tage during the melting operation. 

Except for differences in furnace construction and the 
operation of the control panels, the indirect-arc and resistor 
rocking furnaces are similar. With either type of furnace 
the heating elements must be withdrawn to a position flush 
with the inner lining after preheating and before charging 
the furnace. They must then be reinserted after charging 
is complete. The charge must not come in contact with the 
heating elements. Also, the possibility of metal dropping 
on the elements during initial rocking must be avoided. 

The charging procedure itself depends somewhat on the 
type of charge; that is, the proportions of scrap and ingot 
making up the charge. Аз а rule, about half the scrap, in 
the form of gates and risers, is charged first while the fur- 
nace door is in a position midway between the extreme top 
and bottom of the shell. Then, after rotating the shell to 
rais the door to about a 45° angle, the heavier ingot or pig 
materia] is charged behind the scrap. Following this, the - 
remaining portion of the scrap is charged. Ideally, the fur- 
nace door should be in the top-center position with the 
charge equally balanced in the bottom of the furnace when 
charging is completed. This position should be slightly var- 


ied from time to time to prevent excessive wear in one por- 
tion of the lining. Charging should be completed as quickly 
as possible to prevent excessive heat loss from the lining. 
As the melting operation proceeds, and а pool of molten 
metal collects in the bottom of the furnace, the rocking angle 
should be steadily increased. 


The formation of slag is most objectionable in electric 
rocking furnaces. When a slag blanket forms, it insulates 
the metal from the heat radiating from the elements and at 
the same time reflects an abnormal amount of heat to the re- 
fractory lining above the slag. This causes more refractory 
to melt and more slag to form. А continuation of these cir- 
cumstances can quickly result in a melted lining. Do not 
attempt to raise the temperature of & heat when a slag 
blanket has formed. Either remove the slag or tap the 
furnace. If the lining takes on a “runny” appearance, shut 
off the power, remove the door, and spread clean, dry sand 
over the slag to thicken it. Then pull the slag out of the 
furnace with a slag skimmer and resume operations. 


When melting ferrous metals in electric rocking furnaces, 
the condition of the graphite heating elements is very im- 
portant. The indirect-arc furnace must be closely watched. 
А sharp, clear arc is desired. An arc that is cloudy and 
smoky emits graphite and deteriorates rapidly. If the elec- 
trodes deteriorate and contaminate the bath during the melt- 
ing operation, the chemical analysis and physical properties 
of the casting may be altered. However, when electrodes 
are in good condition, the possibility of carbon pickup may 
be safely ignored. When melting nonferrous metals, the 
danger of carbon pickup is less critical, principally because 
the temperatures are not as high, but also because carbon 
is not soluble in most nonferrous metals. 

In the melting of both ferrous and nonferrous metals in 
electric rocking furnaces, certain melting losses must be 
taken into account when calculating а charge. Here again, 
experience with a particular furnace is a determining factor. 
On the average, though, the melting losses in nonferrous 
heats are 14 of 1 percent zinc, tin, and lead. In cast iron 
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heats, the average losses are 10 percent manganese, 3 percent 
silicon, and 20 percent graphite (or total carbon). In steel 
melting, where the temperature is considerably higher than 
in other melting operations, the average losses are 10 per- 
cent carbon and 25 to 35 percent manganese. Losses of other 
elements are negligible. Since there is some lining deteriora- 
tion in steel melting, there is a silicon gain rather than loss 
which must be taken into account. The range of silicon 
pickup is 25 to 35 percent. Like losses, the silicon gain varies 
and is а function of the physical character of the charge, the 
tapping temperature, and the length of time the metal is 
held at the superheat temperature prior to tapping. Ex- 
perience and the study of carefully kept furnace operation 
records are most important to successful melting in electric 
rocking furnaces. 

INDUCTION FURNACES are used at advanced bases for melt- 
ing all types of ferrous and nonferrous alloys. In common 
with other types of furnaces, lining installation and mainte- 
nance is most important. The lining installed in 650-pound 
furnaces depends upon the metal to be melted. A clay- 
graphite crucible packed in place with Norsand is used to 
melt nonferrous metals. Usually, a sintered lining is used 
to melt ferrous metals, but steel may also be melted in a prop- 
erly installed magnesia crucible. 

Assuming that linings or crucibles are properly installed 
and that power is properly applied, the most important single 
factor in melting with induction furnaces is the manner in 
which materials are charged. Scrap and alloys having an 
aggregate composition as close as possible to that desired 
in the finished casting are selected. Heavy pieces are charged 
first, with scrap placed so that it can slide freely into the 
molten bath. The compactness of the charge has an advan- 
tageous influence on the speed of melting. Consequently, 
large void spaces should be avoided. However, the charge 
should not be packed too tightly, or metal expansion prior to 
melting will crack the crucible or lining. 

With the application of power, heat is generated entirely in 
the charge itself. The induced current circulates through 
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the outer surface of the charge in & direction parallel but 
opposite to that in the coil. The resistance offered by the 
metal to the flow of current generates intense heat near the 
outer surface of the charge. This heat rapidly conducts to 
the center of the charge. Since the highest temperature is 
concentrated near the outer surface, this portion of the charge 
melts first. With the formation of а molten pool of metal 
at the bottom of the furnace, convection currents create a 
stirring motion in the liquid metal. Thiscontributes to rapid 
melting because molten metal washes against those portions of 
the charge that are still solid. This same action thoroughly 
mixes the batch and thus contrivutes to the production of a 
uniform casting alloy. The vigor of stirring can be increased 
or decreased by increasing or decreasing the power input. 

Convection currents also produce a convex crown at the 
top of the molten bath which makes it difficult to keep a 
slag blanket on the metal. 'This is not too important, though, 
as a slag blanket is not necessary for satisfactory melting. 
Occasionally, the pieces of the charge bridge over and do 
not slide readily into the molten pool. Bridging is not a 
serious condition, but if permitted to continue indefinitely 
lining damage and overheated metal will result. Bridging 
can be avoided by proper placement of the charge. If 
bridging occurs, the material must be carefully moved with 
& steel bar. Avoid severe poking, however, or the lining 
may be damaged. Do not operate the furnace at full power 
for more than 4 or 5 minutes if an unfreed bridge exists. 
To do so will overheat the molten metal below the bridge. 
Overheating has a harmful effect on metal composition be- 
cause metal loss increases. Melting losses for induction 
furnaces are, on the average, similar to those cited for rock- 
ing furnaces. Here again, though, experience with а partic- 
ular furnace must be taken into account. 


Controlling Gas Absorption and Oxide Inclusion 


Selecting, calculating, and charging material into the pre- 
heated furnace are important factors in the melting proce- 
dure. With these steps accomplished, the furnace tender's 


job is just beginning. From the moment the furnace is 
charged until tapping is completed, he must pay constant 
attention to the furnace, its controls, and the progress of 
melting. Since so much of the melting procedure depends 
on the exercise of judgment based on careful observation, 
it is obvious that the furnace tender should have considerable 
training and prior experience with the melting unit in- 
volved. He must not only know what sequence of operations 
to follow, he must also correctly recognize the furnace and 
charge conditions that indicate when it is appropriate to 
perform a given operation; i. e., remove slag, add virgin 
metals, or incorporate degassers and deoxidizers. More will 
be said about the sequence and method of incorporating 
additions while working the heat when specific melting 
procedures are discussed in subsequent paragraphs. 

Defective castings stemming from the melting procedure 
can usually be traced to gas absorption. As noted previously, 
the most serious contaminant is hydrogen. Other possible 
contaminants include sulphur dioxide, carbon dioxide, car- 
bon monoxide, and various metal oxides which may release 
hydrogen through a reaction of the oxide with а reducing 
compound in the metal. Any substances that form hydrogen 
or any other soluble gases as а result of chemical reaction 
with molten metal are potential sources of casting porosity. 
Some of the more common gas producing substances include 
turnings and borings saturated with oil, damp additives, 
inadequately dried linings, spouts or ladles, а reducing fur- 
nace atmosphere, and high humidity. 

Most of these sources can be eliminated by controlling the 
condition of the furnace and the charge; that is, making sure 
that moisture will not be introduced and that proper heating 
temperatures are maintained. Since the affinity of metals 
for many gases is enhanced as the temperature increases, 
and since the quantity of gas absorbed is related to the length 
of time the metal is at high heat, it follows that heating to 
a temperature higher than necessary or holding the metal at 
superheat longer than required will contribute to the ab- 
sorption of gases. Then, when the metal solidifies in the 
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mold and all gas exceeding that which the metal can hold in 
solid solution is expelled, the casting is likely to be porous. 

Numerous solid and gaseous materials called fluxes have 
been used during the melting operation to prevent dross for- 
mation, gas absorption, or oxide inclusion. For our pur- 
pose, fluxes may be subdivided into three groups: cover 
fluxes, degassers, and deoxidizers. Cover FLUXEs include 
such materials as charcoal, borax, sodium chloride, апа sodi- 
um fluoride; pEcAssERS include potassium permanganate, 
manganese dioxide, copper oxide, and nickel oxide; pEoxi- 
DIZERS include metallic manganese, magnesium, silicon, phos- 
phor-copper, dry nitrogen, and chlorine. "These latter two 
materials are frequently classified as degassers rather than 
deoxidizers. 

Fluxes àre available in a variety of forms—powders, tab- 
lets, crushed and screened particles, blocks, and granulated 
material packed in metal foil tubes. They may be applied in 
several ways depending upon the fluxing material itself and 
the melting practice being followed. Some fluxes are placed 
in the furnace with the other materials when the furnace 
is initially charged. Some are added to and stirred in after 
the charge is partially melted and slag has been removed. 
Others are plunged to the bottom of the melt. Still others 
(the flushing gases) are piped into the molten charge. And 
finally, some fluxes are used as ladle additions, the metal being 
poured over the flux or the flux being added and stirred in 
after the ladle is filled. The manufacturer's instructions 
should be consulted before a given flux is employed for a 
particular application. 

It is not difficult to visualize the manner in which a cover 
flux functions. By forming a blanket over the top of the 
molten charge it insulates the metal from exposure to the 
atmosphere. In some instances, particularly with aluminum 
and other dross forming metallic mixtures, the cover flux 
may curtail metal loss by reducing the amount of metallic 
element included in the dross. 

As you may recall, copper-base alloys should generally be 
melted in a slightly oxidizing atmosphere. The purpose of 
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this atmospheric condition rather than a reducing atmosphere 
is to lessen the probability of hydrogen absorption. Since 
the cover flux does not permit oxidation, the purpose of the 
slightly oxidizing atmosphere is nullified. But more than 
this, many cover fluxes are hygroscopic; that is, they absorb 
and retain large quantities of moisture from the atmosphere. 
Thus, they often introduce moisture, contributing to gas ab- 
sorption difficulties rather than eliminating them. 

Charcoal, which has long been employed as a cover in 
nonferrous melting, is а highly hygroscopic substance. It 
does not give up its moisture content until its temperature 
has been raised to that of а bright red heat. All too fre- 
quently it is used without sufficient preheat. Consequently, 
melting under charcoal is harmful more often than not, 
therefore, its use should be avoided. 

Glass, too, is frequently used as а cover when melting non- 
ferrous metals. This material so effectively prevents contact 
between the molten charge and the atmosphere that some 
authorities maintain it prevents the escape of harmful gases 
from the charge as well as the absorption of oxygen from 
the atmosphere. Further, glass attacks and has a detri- 
mental effect on crucibles and linings. 

As a rule, then, cover fluxes are of doubtful value in most 
melting operations other than with aluminum and mag- 
nesium. With these latter metals, the cover flux (usually 
& sodium-chloride or sodium-fluoride compound) serves to 
prevent oxidation and to minimize the formation of dross 
characteristic. But here, too, the fluxing material must be 
thoroughly dry or it will contribute to hydrogen pickup 
which is crucial in all melting operations. 

As their names imply, it is the function of degassers to 
remove hydrogen and other soluble gases from the molten 
metal while deoxidizers remove oxides remaining in the mix- 
ture after it has been degassed. A detailed explanation of 
what takes place when heat is applied to and then withdrawn 
from & metal is very complex. Insofar as degassing and 
deoxidizing are concerned, the picture (very much simpli- 
fied) is something like this: With the application of suffi- 


cient heat, the elements in the charge (including the elements 
of those substances which are potential sources of hydrogen 
formation) are released from their previous structures. 
After release, they tend to combine with other elements and 
form different molecular and atomic structures. Moisture, 
for example, consists of hydrogen and oxygen (H:O). Heat 
breaks the moisture molecules down (to some extent) into 
their elements, Some of the oxygen so released tends to com- 
bine with the metallic elements present and forms metallic 
oxides. Other oxygen atoms go into solution in the mixture. 
The hydrogen released does not combine chemically with 
the metallic elements, but is mechanically (nonchemically) 
retained in the metal at high temperatures. Then, when 
lower temperatures prevail, the hydrogen is capable of 
escaping. The moisture molecules that do not break down, 
as well as the hydrogen апа oxygen that recombine with 
one another, escape from the charge as steam. It is the 
nascent (atomic) hydrogen retained in the molten metal at 
high temperatures that is the source of difficulty. Unless 
this gas is removed at a temperature above the metal’s solidi- 
fication point, the gas escaping during solidification will 
create porous castings. 

Now, when the circumstances within the molten charge 
аге such that the oxygen released in the breakdown of H,O 
is unable to recombine with any other element in the charge, 
it recombines with the hydrogen and escapes as steam. 
Oxides (especially copper oxide and maganese dioxide) 
added to the charge provide excess oxygen which can com- 
bine with any nascent hydrogen in the molten metal. Fur- 
ther, the presence of this excess oxygen inhibits the break- 
down of moisture into oxygen and hydrogen because the 
chemical] condition is unfavorable. That which does break- 
down readily recombines and passes off as steam. After 
degassing with oxides, excess oxides must be eliminated from 
the charge by deoxidizing with & nonsoluble gas forming 
material like phosphor-copper. By nonsoluble we mean a 
gas that will not combine chemically with the metallic ele- 


ments of the charge or be retained mechanically by the 
molten metal. 
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Although the degassers will remove considerable hydro- 
gen, they will not take it all out unless the treatment is ex- 
ceptionally long, much longer than is practicable in the 
foundry. Consequently, once metal is gassed, the condition 
cannot be completely corrected. "Therefore, the only real 
solution is to PREVENT the absorption of hydrogen by melt- 
ing in an oxidizing atmosphere and to take steps ensuring 
clean, dry material in the charge. 

Though not too practicable aboard ship, another way to 
release gas after it is absorbed by molten metal is to flush 
the charge with nitrogen or chlorine. This may be accom- 
plished by piping the dry gas to the bottom of the molten 
charge or by immersing a solid flux in the melt that gives 
off chlorine or а similar gas. In either case, the gas bubbles 
up through the metal. As the nonsoluble gas bubble rises 
through the metal it absorbs hydrogen and carries it off. 
This is believed to be а purely physical rather than a chem- 
ical process. It is thought that the hydrogen ih the metal is 
under a greater pressure than the flushing gas (sometimes 
called scavenging), and, as а consequence, that the former 
is absorbed by the latter until the partial pressures of the 
two gases are equal. Nitrogen and chlorine are the most 
commonly used flushing gases. When melting aluminum, 
about 20 cubic feet of gas is used per ton of metal. 

Assuming that atmospheric humidity is low, and that all 
other potential sources of gas formation and absorption have 
been controlled, some authorities consider the use of fluxes 
to be unnecessary in nonferrous melting, except in the case 
of magnesium. They maintain that although some of the 
available commercial fluxing compounds are useful when 
employed in the right way at the right time, their indis- 
criminate application as a cure-all is as likely to cause trouble 
as to cure it. In all cases, fluxes should be used like а doc- 
tor's prescription rather than as а patent medicine. When 
they are used, they must be perfectly dry. 

The most satisfactory material used to control gas absorp- 
tion and oxide inclusion in the melting of COPPER-BASE 
ALLOYS are copper oxides and phosphor-copper. Generally, 
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1 pound copper-oxide per 100 pounds of charge is employed 
as a degasser, while 114 to 3 ounces phosphor-copper per 
100 pounds of charge effectively deoxidizes the bronze al- 
loys. Copper oxides should not be used as a flux with alloys 
containing oxidizable elements unless the initial charge con- 
tains undesirable quantities of elements like phosphorus, 
lead, iron, aluminum, and silicon. This use of flux, how- 
ever, is that of refining and is not the usual operation per- 
formed by the Navy melter. 

High zinc brasses and manganese bronze are not prone to 
hydrogen absorption since zinc itself is an efficient degassing 
agent. Consequently, there is no need for an oxidizing 
treatment. Copper oxides should not be used in the melting 
of aluminum or silicon bronze because these elements oxidize 
readily. When phosphor-copper is used to deoxidize bronzes, 
it must be carefully controlled. An excess of phosphor- 
copper will decrease the ductility of the alloy. 

ALUMINUM has a greater affinity for hydrogen than most 
metals you are likely to melt, yet, a flux is not always neces- 
sary. An oxide envelope always surrounds aluminum. So 
long as this envelope is not broken, it offers considerable 
protection from gas absorption. Thus, if the metal is care- 
fully handled and melted, a protective cover flux is not re- 
quired to prevent hydrogen absorption. However, aluminum 
oxidizes readily and forms considerable dross which may 
be trapped in the final casting unless it is removed. For this 
reason, fluxing may be beneficial and even necessary when 
considerable foundry scrap and secondary metal are included 
in the melt. Nevertheless, when used with aluminum, fluxes 
should be considered а supplement to, rather than substitute 
for, good melting practice. 

In addition to gaseous nitrogen and chlorine, the most com- 
monly used aluminum fluxes are zinc chloride, aluminum 
chloride, sodium-aluminum fluoride, and various mixtures of 
these substances. The aluminum fluxes usually employed in 
Navy foundries are the commercial materials *Foseco 
Coveral” and *Foseco Degaser.” These materials must be 
carefully applied, and they must be perfectly dry when in- 
corporated in the charge. 


264 


Coveral is used principally when melting is accomplished 
in oil-fired furnaces. Here the material is added to the initial 
charge. Then when the charge is molten, more flux is 
sprinkled over the surface of the bath. The required amount 
can be determined by stirring a small quantity into the dross 
and continuing to stir in small additional amounts of flux 
until the dross becomes powdery. When the dross attains 
this condition, sufficient flux has been added and the dross 
can easily be removed. "The degasser, on the other hand, is 
plunged into the melt when the metal's temperature ranges 
from 1950? to 1975? F. Four ounces per 100 pounds of 
aluminum is the recommended amount. In adding this ma- 
terial, push the dross aside and plunge the flux to approxi- 
mately one inch from the bottom of the pot. Rotate the 
plunger slowly for 2 or 3 minutes while the bubbling pro- 
ceeds. This bubbling serves to physically purge the bath of 
objectional gases. 

NICKEL-BASE ALLOYS are frequently melted down under a 
thin protective slag coating. About 2 pounds glass per 100 
pounds of metal is a common application in many foundries. 
Others employ limestone to form the protective slag cover. 
If new metals are used to make monel, copper oxides in pro- 
portions of 2 to 3 ounces per 100 pounds metal is introduced 
in the melt about 10 minutes prior to tapping. This addi- 
tion is not necessary, however, if scrap is included in the 
charge. In this case, silicon-manganese alloy (0.5% man- 
ganese, 0.2% silicon) is employed to adjust composition and 
release absorbed gas. Deoxidation is accomplished in the 
ladle either by tapping on top of magnesium, or by plunging 
magnesium to the bottom of the ladle with а pair of tongs. 
Magnesium is used in a proportion of 114 ounces per 100 
pounds metal. Occasionally, 0.05 percent titanium is added 
as а ladle addition to fix any nitrogen that may be present. 
Nickel-base alloys are fluxed in the ladle because of the 
violent action of magnesium. 


Савт IRON castings are seldom defective due to the presence 
of absorbed gases; in fact, little is known about the behavior 
of gases in cast iron. Consequently, degassers are not nec- 


essary to ensure castings free from gas defects. However, 
melting should be accomplished rapidly in a slightly oxidiz- 
ing atmosphere to minimize the possibility of gas pickup. 
Ferrosilicon, calcium-silicon, ferromanganese-silicon, zirconi- 
um-silicon, graphite, and other materials called graphitizing 
inoculants are added to cast iron as ladle additions. These 
materials, however, are not used as fluxes in the same sense as 
we have been using the term. "They are known as inoculants. 
Their function is to change the structure of the iron alloy and 
thus change its physical properties without changing the 
chemical composition. 

STEEL, in contrast to cast iron, requires a great deal of at- 
tention during the melting procedure to avoid defects due 
to gases. Oxidizing conditions must be maintained to mini- 
mize the extent of hydrogen and nitrogen absorption. In 
addition, iron ore should be added to the charge to promote 
& reaction between the carbon in the charge and iron oxide 
to form carbon monoxide (which burns at the furnace door 
to carbon dioxide). This carbon monoxide forms bubbles in 
the molten steel and provides a stirring action which car- 
ries off hydrogen and nitrogen which migrate into these bub- 
bles. Boiling should be maintained throughout the heat 
until final additions of ferromanganese and ferrosilicon are 
made. Тһе oxides formed in steel by the oxidizing condi- 
tions and the addition of iron ore are readily reduced by 
manganese, silicon, and aluminum. Aluminum is the final 
deoxidizer. To be effective, it must be carefully added to en- 
sure that it enters the steel and does not burn on the sur- 
face or react with the slag. 


Pyrometric Control 


Experienced melters recognize that pyrometric control is 
essential in the production of consistently sound castings. 
If the pouring temperature is too low, castings having “cold 
shut” defects will result. On the other hand, melting, super- 
heat, tapping, and pouring temperatures that are too high 
increase the probability of dissolving harmful gases as well 
as excessive melting loss of crucial elements. Further, an 
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excessive pouring temperature results in excessive shrinkage 
because the freezing range is lengthened. 

Immersion-type pyrometers are usually employed to meas- 
ure the temperature of babbitt, aluminum, and copper-base 
alloys while optical pyrometers are used with the higher 
melting point metals. With either type device, reliable re- 
sults depend on the proper use of a correctly calibrated in- 
strument. The thermocouple of an immersion-type pyrom- 
eter is made of a variety of materials. Those available in 
the Navy foundry are usually 8 gage chrome-alumel encased 
in a cast-iron tube. To determine metal temperatures with 
this instrument, immerse the thermocouple 4 to 6 inches into 
the molten bath. (If bare wires are immersed, agitate them 
to prevent bridging.) After several seconds, quickly raise 
the thermocouple until only the tip is in the metal. The 
maximum reading at these immersion depths is taken as the 
temperature of the metal. 

There are many factors which must be taken into con- 
sideration when determining the temperature of iron, steel. 
and nickel-base alloys. First, the instrument must be in 
perfect calibration and the operator must have had consider- 
able practice with an optical pyrometer. He must match 
perfectly the instrument’s filament brightness with the radia- 
tion emanating from the metal. Obviously, accurate read- 
ings depend in part on accurate judgment. Erroneous 
readings are also likely if any of the following conditions 
prevail: (1) considerable temperature differential between 
furnace wall and metal, (2) bright daylight or artificial light 
entering the furnace and being reflected to the instrument 
from the furnace wall, (3) sighting the instrument through 
smoke, flame, or fumes, (4) a lack of uniform temperature 
conditions within the charge, and (5) a coating of oxide or 
slag on the surface. Nonuniformity of temperature within 
the bath occurs when additional metal has been added to the 
melt. A reading taken before the added material has be- 
come liquid will be erroneous because the radiant energy re- 
flected to the pyrometer gives a false indication of tempera- 
ture. For а reading to be dependable, the operator must be 
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sure that the above mentioned circumstances are not influ- 
encing his result. 

Many factors are involved in a satisfactory melting pro- 
cedure. Preheating, charging, rapid melting, and control 
over gas and oxide inclusions are all important. But just 
as important is control over the temperatures involved. In 
short, pyrometric control of melting and pouring tempera- 
tures is essential to the production of sound castings with 
uniform properties. 


SUMMARY 


Many factors are involved in the production of sound cast- 
ings. In this chapter, we have discussed those aspects of 
foundry operations concerned with the melting procedures 
for producing the Navy’s casting alloys. Of first importance 
is knowledge and skill in the use of the procedure for op- 
erating and charging the melting unit available. This knowl- 
edge must include characteristic melting losses so that the 
charge can be calculated accurately. Next in importance is 
the selection of the proper pouring temperature. Preheat, 
superheat, and tapping temperatures depend in part on the 
pouring temperature selected. The temperature at which you 
pour depends on the particular alloy involved and the sec- 
tional thickness of the casting to be produced. To con- 
sistently produce sound castings, pyrometric control of all 
temperatures in the melting procedure is essential. 

Once the charge has been placed in the preheated furnace, 
it is melted as rapidly as possible in a slightly oxidizing 
furnace atmosphere. Reducing conditions must be avoided 
or the charge will absorb soluble gases. Certain soluble 
gases (i. e., nascent hydrogen) give rise to porous castings 
since they are expelled as the metal solidifies. From the 
standpoint of gas absorption, it was pointed out that mois- 
ture from inadequately dried linings, damp additives, and 
hygroscopic fluxes are common sources of difficulty. Ву 
eliminating these potential sources of trouble the probability 
of producing defect-free castings is increased. 
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Though fluxes are not always essential, such materials as 
copper and manganese oxides, magnesium, silicon, phosphor- 
copper, and dry chlorine serve to cleanse the molten metals 
of absorbed gases and oxide inclusions. These materials 
must be used with care and they must be thoroughly dry be- 
fore being incorporated into the heat or they will cause more 
harm than they prevent. Of the metals normally produced 
in Navy foundries, high-zinc, yellow brasses, and cast iron 
require no special degassing techniques. In general, the tin 
bronzes and red brasses require deoxidation with phosphor- 
copper while the treatment given nickel-base alloys depends 
on whether the alloy is made from new materials or remelt 
ingots and scrap. Aluminum-base alloys are usually melted 
under Foseco Coveral and degassed with Foseco Degaser. 
In contrast with cast iron, steel requires a great deal of at- 
tention and an extensive degassing and deoxidizing treat- 
ment to avoid the production of unsound castings. The 
treatment here includes the use of iron ore to produce a boil- 
ing action during which nitrogen and hydrogen can migrate 
into carbon monoxide bubbles and thus escape from the 
charge. Deoxidation of the heat is accomplished with man- 
ganese, silicon, and aluminum, the latter being the final 
deoxidizer. 

No matter which metal is being melted, the operator must 
be on the alert to do the right thing at the right time. When 
working with rocking furnaces, the operator must be alert 
to increase the angle of rock as rapidly as the molten condi- 
tion of the charge permits. With the indirect-arc furnace, 
arc characteristics must be carefully observed and the re- 
actance adjusted as necessary to maintain a sharp clear arc. 
With the induction furnace, bridging must be guarded 
against and the power input adjusted so that neither insuf- 
ficient nor excessive eddy currents exist. Furnace atmos- 
phere, particularly that of oil-fired furnaces, must be care- 
fully controlled or the probability of gas absorption will in- 
crease. An important point to note here is that, while keen 
observation of the furnace and its contents is mandatory for 
successful melting, control of melting, superheat, and tap- 


269 


ping temperatures should be attained through the use of 
optical and immersion pyrometers. To be of value, though, 
pyrometers must be in good working order, accurately cali- 
brated, and properly used. 


QUIZ 


1. Why is adequate furnace preheat essential in the melting pro- 
cedure? 

2. Upon what factors does melting loss of an element depend? 

8. What precautions should be taken if it is necessary to melt 
dissimilar metals in the same lining? 

4. What type of furnace is most satisfactory for melting aluminum? 

5. Why is a slightly oxidising furnace atmosphere desirable in any 
melting procedure? 

6. Why is it important to bring electric rocking furnaces to full rock 
as quickly as possible? | 

1. Why is a slag blanket objectionable in electric rocking furnaces? 

8. Exclusive of the power applied, what factor has an important in- 
fluence on the melting rate in an induction furnace? 

9. What are the usual sources of gas producing substances whith 
give rise to the absorption of soluble gases? 

10. Why does the hygroscopic characteristic of many cover fluxes 
often contribute to rather than eliminate gas absorption diffi- 
culties? 

11. What fundamental rule should govern the use of fluxes during a 
melting operation? 

12. Compare the manner in which oxides and flushing gases (chlo- 
rine or nitrogen) function to relieve molten nonferrous metals of 
hydrogen. 

18. Why are fluxes unnecessary in high-zinc brasses? 

14. How can the melter determine when sufficient cover flux has been 
incorporated in an aluminum charge? 

15. Why are nickel-base alloys fluxed in the ladle? 

16. What materials are used to reduce the effect of oxidizing condi- 
tions during steel melting operations? 

17. What conditions, other than faulty operation and an inexperienced 


operator, are likely to make temperature determinations with an 
optical pyrometer erroneous? 
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СНАРТЕК 





MELTING NONFERROUS METALS 


NONFERROUS CLASSES 


Nonferrous melting is particularly important to the Navy 
Molder because most of the metals he pours belong to this 
category. Here we have the copper-base, aluminum-base, 
апа nickel-base alloys, and the babbitt metals. Within each 
of these larger groupings there are subtypes. Unfortunately, 
not all alloys within а given class may be melted satis- 
factorily by the same procedure or technique, 

Ав pointed out in the previous chapter, there are а number 
of factors common to all melting procedures. For example, 
all metals except babbitt should be melted as rapidly as 
possible. Yet, there are important differences that must be 
taken into account if а satisfactory casting is to result. 
Probably the most important difference is the temperature 
at which various metals are melted and poured. To ensure 
success, proper melting and pouring temperatures must be 
maintained within very narrow limits. 

Probably the most widely used nonferrous castings are 
made of coPPER-BASE ALLOYS. А wide variety of these alloys 
` are manufactured commercially; of these, eight are com- 
monly produced in the Navy foundry. From the viewpoint 
of the melting procedure, we can treat them as belonging 
to one of three groups in which the melting procedure is 
essentially the same. The first group, TIN BRONZES, includes 
gun metal (88 Cu, 8 Sn, 4 Zn), hydraulic bronze (85 Cu, 
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5 Sn, 5 Zn, 5 Pb), valve bronze (88 Cu, 6.5 Sn, 4 Zn, 1.5 Pb) 
апа phosphor bronze. This latter alloy is а gun metal alloy 
deoxidized with phosphorus and in which a trace of phos- 
phorus remains. Gun metal is more commonly known as 
composition G, while valve bronze is usually referred to as 
composition M. 

A second group of copper-base alloys having a similar 
melting procedure are the ввлвзев. These include manganese 
bronze (58 Cu, 39 Zn, 1 Al, 0.5 Mn, 1 Fe, 0.5 Sn), yellow 
brass (70 Cu, 27 Zn, 2 Pb, 1 Sn), and red brass (80 Cu, 9.5 
Zn, 3 Sn, 7.5 Pb). Note that each of these materials has a 
relatively high zinc content. Consequently, а deoxidizing 
treatment is usually not required since the zinc itself is an 
excellent deoxidizer. | 

From the point of view of melting, ALUMINUM BRONZE 
containing 85 to 89 percent copper, 1 to 3 percent iron, and 
8 to 10 percent aluminum is the sole representative of a third 
class of copper-base alloys. Just how the melting procedure 
for this alloy differs from that of other copper-base alloys 
as well as other nonferrous casting materials will be made 
evident in the subsections which follow. 


Melting Tin Bronzes 


Though the several tin bronzes differ somewhat in chemi- 
cal composition, the only essential difference in the melting 
procedure is the superheat and pouring temperatures em- 
ployed. Gun metal is poured at temperatures from 2050* 
to 2200? F, valve bronze from 2025? to 2195? F, and hy- 
draulic bronze from 2000? to 2100? F. The pouring tem- 
perature selected within these ranges depends upon the sec- 
tional thickness of the casting being poured. Thin section 
castings require higher pouring temperatures. The higher 
temperature cited is suitable for 14-inch cast sections while 
the lower temperature is satisfactory for 114-inch cast sec- 
tions. In no case should the pouring temperature be higher 
than necessary. Remember, a variation of 50? F in pouring 
temperature may mean the difference between а sound and a 


defective casting. 
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The tin bronzes may be melted satisfactorily with indirect- 
arc, resistor, induction, or oil-fired furnaces. As noted pre- 
viously, the characteristics of tle unit involved must be 
taken into account. With any furnace the lining must be in 
good condition, the furnace must be preheated to the pour- 
ing temperature of the metal to be melted, and the furnace 
atmosphere must be such that the possibility of gas absorp- 
tion is minimized. 

Raw materials for tin-bronze charges usually consist of 
50 percent remelt (gates, risers, and scrap castings) and 50 
percent new metal. There is no reason to adhere to the 50—50 
proportions, however, the proportions should be adjusted so 
that all available returns and scrap are used. Alloying ele- 
ments may be added as commercially pure metals or as master 
alloys. The lower melting point metals used for alloying 
present little difficulty since they are molten-at temperatures 
near or below those of the base metals. However, iron, man- 
ganese, silicon, nickel, and copper present a problem because 
of their relatively high melting points. In most cases, it is 
undesirable to heat the base metals to temperatures necessary 
to effect rapid solution of higher melting point metals. Con- 
sequently, master alloys in which high melting point alloying 
elements have been incorporated are frequently used. These 
master alloys melt at a lower temperature than the highest 
melting point element contained therein. 

The materials making up the charge should be clean, free 
of oil or any other foreign matter, and of the correct chemical 
composition. Scrap must be free of sand to avoid the forma- 
tion of a heavy slag blanket over the metal. The charging 
procedure itself depends somewhat on the melting unit be- 
ing employed. In electric rocking furnaces, heavy pieces of 
scrap are charged to the rear of the barrel while ingots are 
placed on top, closest to the heating elements. In the induc- 
tion furnace, the base metal or higher melting point mate- 
rials are charged first with larger pieces being placed on the 
bottom. Scrap, unless it makes up a large portion of the 
charge, is placed in the furnace after the base metal. In oil- 
fired furnaces, remelt material is charged first and ingots are 
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placed on top. When а glass cover flux (or 2 parts borax and 
1 pert silica sand) is used in oil-fired furnace melting, this 
material is placed in the furnace before metal is charged. As 
& rule, best results are attained when a capacity rather than 
& partial capacity charge is melted. 

The time required to melt down the charge will vary with 
the type of furnace used and the weight of the charge. А 
800-pound, tin-bronze heat in ап oil-fired crucible unit, for 
example, will require approximately 1 hour and 10 minutes 
melting time, whereas а 500-pound charge requires an addi- 
tional 15 or so minutes. In any case, melt down should be 
accomplished as rapidly as possible. When the charge at- 
tains a molten condition, check the temperature of the bath 
frequently with pyrometric equipment to avoid overheating. 

As soon as the charge becomes molten, heat the bath to a 
temperature of 2000? F and prepare to incorporate the addi- 
tives (zinc, tin, and lead). This is accomplished in the fol- 
lowing manner: from 8 to 5 minutes prior to tapping, with 
the bath temperature at 2000? F, decrease the furnace heat 
input (or, in the-ease of an oil-fired furnace, shut the furnace 
down). Permit the bath to cool slightly, almost to the freez- 
ing point. Push the slag to the back of the furnace with а 
skimmer, then add the zinc, holding it beneath the surface 
with an iron rod to minimize melting loss. Do not hold the 
iron rod in the bath too long or the iron will contaminate 
the bronze alloy. Zinc and other alloying elements should 
be added in small amounts to permit rapid solution. After 
the zinc, incorporate the tin апа then the lead in а manner 
similar to that described for zinc. Stir the mixture well with 
the steel rod, avoiding surface agitation. | 

With the alloying elements added, re-apply heat until the - 
desired tapping temperature is attained. The amount of 
superheat should be 75? F above the pouring temperature 
of the tin-bronze in question. In no case should the tapping 
temperature exceed the pouring temperature by 100? F. 
Once the proper temperature has been reached, there should 
be no delay in tapping. Ifa slight delay is unavoidable, the 
furnace should be shut off. During the first few minutes the 
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temperature of the bath will not fall or rise appreciably. 
However, if а longer period of delay is necessary, operate 
the furnace at а reduced heat input in order to maintain the 
desired tapping temperature. This practice can be avoided 
by having all handling equipment and molds ready in 
advance. 

In electric rocking and coreless induction furnaces, proper 
deoxidation of tin-bronze alloys requires the use of 114 
ounces of phosphor-copper per 100 pounds; in the open flame 
and crucible oil- or gas-fired furnaces, 2 or 3 ounces per 100 
pounds of metal and sometimes more are required, according 
to the amount of oxides in the bath. In any case, just enough 
phosphor-eopper should be added to prevent а scum on the 
stream as it is poured into the mold. The phosphor-copper 
should be placed in the bottom of the ladle and the metal 
tapped from the furnace. Its use should be carefully con- 
trolled because а decrease in the ductility of the alloy will 
result if an excess of phosphor-eopper is used. Prior to 
tapping, the slag should be skimmed from the bath. Be sure 
that the ladle is well dried. 


Melting the Brasses 


The color of & copper-base metal varies with the copper 
and zinc content. Alloys high in copper are reddish while 
those high in zinc are yellowish in color. Just as there are 
tin bronzes of various chemical compositions, so there are а 
multitude of brasses. Copper content of Navy brasses ranges 
from 55 percent to as much as 80 percent. Zinc content ranges 
as high as 45 percent. In addition, these alloys usually con- 
tain tin and lead. Occasionally, other elements such as alu- 
minum, iron, and nickel are included for special purposes. 

The zinc content of red brasses is less than 17 percent 
while the tin content is less than 6 percent. In any case, tin 
content is less than the zinc present in the alloy. Red brasses 
require a melting practice, including deoxidation with phos- 
phor-copper, similar to that previously described for tin 
bronzes. The practice for yellow brasses differs consider- 


275 


ably. Here we are concerned with the high zinc or yellow 
brasses. 

Since yellow brass alloys contain large quantities of zinc, 
and since zinc’s boiling point (1663° F) is well below the 
melting point of brass (1981° F), it is obvious that close 
control of the melting equipment is necessary to avoid ex- 
cessive zinc loss and to maintain a uniform product. The 
avoidance of overheating is most important to prevent excess 
zinc loss in melting. 

Yet, yellow brass should be poured at the highest possible 
temperature at which it will not throw off fumes or show 
an excessive flare. This temperature depends on the precise 
composition of the alloy. In the case of manganese bronze, 
which is essentially a yellow brass to which manganese, 
aluminum, iron, and tin have been added, the pouring tem- 
perature is 1900° to 1975° F depending on the sectional 
thickness of the casting. The pouring temperature range 
of naval brass is 1825° to 1900° F. 

Like the tin bronzes the brasses may be melted successfully 
in any of the furnaces available in Navy foundries. The 
furnace should be preheated to the proper pouring tempera- 
ture for the alloy involved. Furnace atmosphere should be 
slightly oxidizing. The materials, particularly the scrap, 
should be charged in sizeable chunks and packed closely to- 
gether. Turnings and borings should not be used unless they 
have been briquetted (tightly pressed into the shape of a 
brick). Unless so treated, yellow brass scrap from the ma- 
chine shop oxidizes readily and does not melt. 

Melt the charge as rapidly as possible without burning. 
This requires the constant attention of the operator. About 
the only way to estimate the speed of heating is by detecting 
excess zinc fumes escaping from the furnace. As long as no 
fumes escape, it is safe to increase the melting rate. The 
escape of excess fumes is a signal to decrease the melting rate. 
Ideally, the fastest melting rate is one that will not give rise 
to excess fumes. 

When the charge becomes completely molten, reduce the 
heat input or shut down the furnace, permit the bath to cool 
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slightly and incorporate the zinc as previously described for 
tin bronzes. Next, incorporate the tin and lead. The addi- 
tion of 0.2 to 0.5 percent aluminum helps to reduce zinc loss. 
Since these alloys dross readily, it is essential that agitation 
of the bath be kept to а minimum during the addition of 
virgin metals. А deoxidation treatment with phosphor- 
copper is not required. In fact, the use of phosphorus in a 
copper-base alloy containing aluminum is more likely to 
contribute to porosity than to prevent it. Cover fluxes are 
not required because the dross itself serves to protect the bath 
from gas absorption. 

Yellow brasses, especially manganese bronze, are usually 
produced by using a master alloy or hardener. At advanced 
bases and aboard ship the Navy Molder normally produces 
manganese bronze from remelt ingots (N. D. Spec. 46B25- 
Grade V). These ingots are placed as closely together as 
possible in the furnace. When the temperature, as indicated 
by an immersion pyrometer, attains 1900? F, 1 pound of 
zinc per 100 pounds of charge should be added to compensate 
for zinc loss in melt down. As soon as this additive has 
gone into solution check the bath temperature again. The 
metal is ready for tapping as soon as it attains the desired 
temperature. 

Before tapping a manganese bronze heat, a cup sample 
should be taken and poured into a finger mold consisting of 
a flat cast iron or steel plate having half-round grooves ap- 
proximately 114 inches in diameter and 12 inches in length. 
After the solidified test metal attains a dull red color, it is 
picked up with tongs and placed over a compressed air outlet 
and slowly cooled from bottom to top until most of the heat 
is dissipated. The test sample should then be quenched in 
water. After quenching bend the sample until it breaks, 
using а vise and a heavy hammer. The test bar should not 
fracture at an angle less than 90? and the fractured surface 
should have а pink tinge with a slight sparkle. As an ad- 
ditional check, а Brinell hardness number of 160-175 is an 
indication of a satisfactory alloy with a minimum tensile 
strength of 65,000 psi and 20 percent elongation. This hard- 
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ness check should be made when practicable. These tests 
will consume approximately 3 to 4 minutes. А satisfactory 
test indicates a satisfactory alloy. If the test bar bends too 
little before fracture, the test indicates a need for additional 
copper. If the bar bends too much or too easily, the test 
indicates that additional zinc is required. 

The foundry at Mare Island Naval Shipyard uses a some- 
what different and more useful test procedure to determine 
the suitability of manganese-bronze melts. When the melt 
in the furnace reaches the proper temperature, 5 test bars 
are cast in an iron mold. These bars are 914 inches long, 
have a trapezoidal cross section, and are 54-inch thick. As 
soon as possible after the bars are poured they are dumped 
from the mold. Two bars are immediately quenched in 
water. The remaining 3 bars are allowed to cool in air for 
5 minutes after which they are quenched in water. After 
quenching, the test bars are bent around a cylindrical pin 
9746 inches in diameter. The 2 bars quenched immediately 
should not bend more than 20? and the fracture should have 
& pinkish color. If the bars bend too much, the yield and 
tensile strength will be low. The addition of zinc to the bath 
is indicated. The bars which have been allowed to cool in 
air for 5 minutes before quenching should bend around the 
pin 120° or more and not fracture. The outer fibers of the 
bar when bent 190? will have an elongation of approxi- 
mately 25 percent. The bars which are quenched immedi- 
ately give an indication of the yield and tensile strength; 
the bars cooled in air for 5 minutes and then quenched give 
an indication of the elongation. In order to obtain compara- 
ble results, however, it is essential that the method of quench- 
ing and time cycle established be followed consistently. 

Except for the differences noted, namely, a lower and nar- 
rower pouring temperature range, the use of remelt ingots, 
and the lack of a need for a deoxidation treatment, the brasses 
are melted much like the tin-bronzes. Since zinc content 
is high, brass melting probably requires greater skill on the 
part of the melter than others of the copper-base alloys. 
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Melting Aluminum Bronze 


. Aluminum bronzes are copper-base alloys containing 5 to 

15 percent aluminum, up to 10 percent iron, and less than 
0.5 percent silicon. Manganese or nickel may be included in 
the mixture. These alloys may be melted in any of the equip- 
ment suitable for other copper-base alloys. Normal melt- 
ing precautions should be observed. If the material is 
carefully melted in a slightly oxidizing atmosphere, there is 
little danger of gas absorption. 'This is true because a film 
of aluminum oxide surrounds the metal. 

In preparing this alloy, the usual procedure is to charge 
the copper-base metal into а properly preheated furnace 
(1950? to 2250? F). After the copper becomes molten, 
the alloying materials are incorporated. These materials 
are normally added in the form of a hardener containing 70 
percent aluminum and 30 percent iron, both elements being 
commercially pure constituents. The required amounts of 
hardener must be thoroughly stirred into the bath. If this 
is not done the light aluminum will not distribute properly 
in the mixture. Stir the bath cautiously. Aluminum bronze 
is very susceptible to oxidation. Avoid severe agitation 
while stirring as this will result in a loss of aluminum content 
which may affect physical properties. 

Melting should be accomplished as rapidly as possible. 
Although pouring temperatures are not as critical for alu- 
minum bronze as for many other copper-base alloys, over- 
heating or holding the alloy in the furnace after it is ready 
to be tapped should be avoided. In common with other melt- 
ing practices, pyrometric control is highly desirable in the 
production of aluminum bronze. | 

The copper-base alloy melting procedures we have dis- 
cussed do not cover the whole of the casting materials pro- 
duced in commercial brass foundries, They do, however, 
cover the copper-base alloys normally produced by Navy 
Molders. If you have occasion to produce another alloy of 
this class, determine the subclass to which it belongs on the 
basis of its chemical composition and use the melting pro- 
cedure for that subclass. Not all alloys can be neatly cat- 
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egorized this way but the majority can. Some, like silicon- 
bronze (1 to 5% Si, 3 to 5% Zn, 1.5% Mn (max), 2.5% Fe 
(max), 2% Sn (max)) are melted much like aluminum 
bronze. With this alloy, however, it is essential to pour the 
metal as soon as it reaches the pouring temperature. It 
should not be held in the furnace after it is ready to pour. 


Melting Nickel-Base Alloys 


The nickel-base alloy known as monel is frequently melted 
aboard ship and at advanced base foundries. The charge in 
this case usually consists of nickel-copper alloy remelt in- 
gots weighing 5 pounds each, plus scrap of a suitable analy- 
sis. Occasionally, in the absence of remelt ingot and scrap, 
it may be necessary to prepare the alloy from new materials. 
From our point of view, the melting procedure depends upon 
the situation; that is, the kind of materials from which the 
slloy must be made. 

Relatively high temperatures are involved in the produc- 
tion of nickel-base alloys. Although nickel-base alloys can 
be melted in oil-fired equipment, their use is not recom- 
mended. Consequently, these alloys can be melted satisfac- 
torily only in electric rocking (indirect-arc or resistor) and 
induction furnaces. Oil-fired equipment can not attain a 
sufficiently high temperature. The preheated furnace should 
be charged as described in chapter 7 and the metal melted as 
rapidly as possible. А small shovel full of glass (2 pounds 
per 100 pounds of metal) is thrown over the charge by some 
operators to produce a slag. For reasons previously pre- 
sented, this is not considered a necessary practice. 

Nickel-base alloys require а degasifier. If all new mate- 
rials are used to make up the charge, copper oxides should 
be introduced in proportions of 2 to 3 ounces per 100 pounds 
of metal. On the other hand, if scrap is used a 0.5 percent 
metallic manganese and 0.2 percent silicon addition is made. 

When the metal is thoroughly molten and appears hot 
enough (approximately 2800? F) a sample is taken with 
а test spoon and the slag thoroughly cleaned off with a suit- 
able steel rod. If from 30 to 45 seconds are required for 


the metal to skum over, it is hot enough to pour. Alloying 
additions are incorporated into the bath as soon as a satisfac- 
tory test sample has been obtained. If a K-monel is being 
manufactured, the aluminum should be added immediately 
before or just after tapping. The aluminum is incorporated 
by attaching it to а rod and plunging it to the bottom of 
the bath. This procedure promotes rapid diffusion and dis- 
tributes the material uniformly throughout the mass. 

Nickel-base alloys are deoxidized in the ladle with 114- 
ounces magnesium per 100 pounds of metal. Using an 
alloy steel rod, or a rod made of high temperature refractory, 
with an inverted cone on one end, plunge the magnesium 
to the bottom of the bath. If this is not done it will burn 
on the surface and its effect will be lost. The metal must 
be poured immediately after the magnesium treatment. De- 
pending on the sectional thickness of the casting, the pouring 
temperature ranges from 2730? to 2850? F. Superheat ex- 
ceeding 75° F beyond the pouring temperature before tap- 
ping should be avoided. Temperature determination should 
be made with ап optical pyrometer. 


Melting Aluminum and its Aiioys 


Aluminum and its alloys may be produced if necessary 
in any of the furnaces commonly available in Navy foundries. 
The most satisfactory results, however, аге obtained when 
melting is accomplished in crucible units or iron-pot fur- 
naces. Direct flame units are the least desirable for this 
purpose due to excessive gas absorption and metal loss by 
oxidation. 

The equipment employed to melt aluminum and its alloys 
must be cleaned thoroughly to remove all adhering oxides. 
Serious contamination may result from dirty equipment. 
Further, all iron equipment, particularly pots, must be coat- 
ed with whiting to prevent iron pickup. When crucible- 
type oil- or gas-fired furnaces are used, a crucible cover is 
considered necessary to keep the products of combustion 
away from the metal. 


Material for the charge must be carefully selected. Bor- 
ings, turnings, etc., must be free of oil, grease, sand, and 
moisture. А good procedure i is to melt scrap material sep- 
arately and pour it into ingot molds for later use as charging 
material. Whenever the charge is made up of a portion 
of scrap, this remelt material should be charged in the 
preheated furnace first. This procedure provides a heel of 
molten metal for the aluminum or alloy ingot. Since the 
melting point of aluminum scrap is lower than that of pure 
metal, melting the scrap material first permits lower tem- 
peratures and a shorter meeting time than if the pure metal 
were melted first. Overloading the furnace must be avoided 
A furnace rated at 500 pounds bronze, for example, will 
handle only 200 pounds aluminum satisfactorily. 

А solid flux is frequently added to а solid charge. When 
the metal melts, the flux (usually Foseco Coveral) floats to 
the top of the bath and helps protect the bath surface from 
excessive oxidation and gas absorption. Additional flux is 
generally added after the entire charge becomes molten. 
" When the scrap ог the original cold charge is melted, the 
balance of the ingot material is added to the bath. After 
the total charge has been placed in the furnace an immersion 
pyrometer should be inserted in the bath. Аз soon as the 
bath temperature reaches a range of 1250? to 1975? F, push 
the dross aside and plunge Foseco Degaser (4 ounces per 
100 pounds metal) into the bath. In adding the degasser, 
keep the plunger approximately 1 inch from the bottom of 
the pot. Rotate the plunger slowly for 2 or 3 minutes while 
the bubbling proceeds. This bubbling action serves to physi- 
cally purge the bath of objectionable gases in solution in the 
aluminum. Аз soon as bubbling stops, stir the melt gently 
so that oxide can come to the surface or sink to the bottom. 
Avoid scraping the sides. When the temperature of the 
bath reaches 1320? to 1340? F, shut down the furnace. The 
heat of the pot will allow the melt to reach the desired tap- 
ping temperature. This provides a time lag for the alu- 
minum oxides, which have a specific gravity approaching that 
of aluminum, to either float to the top or sink to the bottom 


of the pot. When the desired tapping temperature is at- 
tained, tap the heat. | 

During the melting procedure, a slightly oxidizing furnace 
atmosphere should exist to prevent excessive absorption of 
gases by the metal. А severely oxidizing atmosphere should 
be avoided, as this reduces pot and crucible life. It also re- 
sults in the formation of oxides which may eventually get 
into the casting and have a deleterious effect on physical 
properties. 

Agitation of the molten metal increases oxide formation 
and gas absorption. Continual skimming increases the total 
oxide loss since each time the protective oxide coating is 
removed, а new one forms. Keep agitation and skimming 
to a minimum. If the metal is stirred, this should be done 
quickly from the bottom upward, taking care to disturb the | 
surface as little as possible. Skimming should be done just 
before the metal is taken from the furnace and then again 
just prior to pouring. 

Accurate control of metal temperatures is important. The 
metal should be poured at the lowest possible temperature at 
which the casting will not misrun and still allow air bubbles 
and dross to escape from the metal before it solidifies. The 
lowest practical pouring temperature is only part of the pic- 
ture. Melting and holding temperatures must also be at a 
minimum to prevent the formation of oxide and absorption 
of gas. Alloys which have been overheated will show а 
coarser, more open grain structure than those which have 
been properly melted. Alloys held in the molten state for 
& long time before pouring possess & similar coarse grain 
structure. Excess temperature and/or long hold time usu- 
ally result in the production of inferior castings. If the 
metal has inadvertently been overheated, the harmful effects 
can be partially overcome by pouring the metal into ingots, 
allowing the ingots to solidify and cool, and then remelting 
them under proper temperature control. 

Various aluminum alloys are currently produced. Most 
of them are available commercially for foundry use as remelt 
ingots. The use of these materials simplifies production and 


helps to eliminate irregularities in alloying practices. Their 
use also eliminates the need for violent stirring and thus 
reduces metal loss resulting from oxidation. 

Class 2 aluminum-silicon alloy is the only grade of 
aluminum normally produced in shipboard foundries. This 
alloy contains 4.5 to 6 percent silicon and mere traces of 
other elements; the remainder is aluminum. As a rule, 
aluminum-silicon is produced from remelt ingots, but, if it 
is necessary to produce aluminum-silicon alloy from new 
materials rather than class 2 remelt ingots, virgin aluminum 
is melted down first. Then, at approximately 1990? F, the 
alloying elements are added to the charge. It is best to add 
silicon as a master alloy, preferably, but not necessarily, in 
the molten condition. Alloying additions should be made 
gradually. Pieces should be small enough to permit solution 
without allowing the aluminum bath to freeze. After the 
additions are in solution, stir the bath thoroughly as pre- 
viously described. Pyrometric control of tapping and pour- 
ing temperatures is essential. Do not delay the tapping and 
pouring operation once degasification has been completed. 
During handling and pouring, keep agitation to a minimum, 
transfer the metal as gently as possible, and pour the mold 
quickly, keeping the pouring basin full at all times without 
breaking the stream. 


Melting and Pouring Babbitt 


The preparation of antifriction metal and the rebabbitting 
of bearing shells are frequent foundry procedures. Since 
babbitt is poured into the bearing shell itself instead of a 
mold, we will discuss the entire procedure rather than limit 
ourselves to the melting procedure for this nonferrous alloy. 

Antifriction metal is available as 10-pound remelt ingots. 
Its nominal composition is 87.5 to 89.5 percent tin, 7 to 8 per- 
cent antimony, and 3.5 to 4.5 percent copper. This is genuine 
babbitt metal and is intended for general use for all bearing 
surfaces requiring a hard, ductile, white metal alloy. It can 
be melted in pressed steel, cast steel, or cast iron pots, apply- 
ing heat with an ordinary gas- or oil-heating torch. 
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With the required amount of ingot charged in the pot, 
apply heat slowly so that melting does not occur too rapidly. 
When the charge becomes molten, stir the bath with а bottom 
to top motion. Avoid overheating by using an immersion 
pyrometer to control bath and pouring temperatures. The 
optimum pouring temperature is 800? to 850° F. Bath tem- 
perature depends on the distance the material must be car- 
ried before pouring. 

If the pouring operation is to be performed some distance 
from the melting area, the bath temperature should exceed 
the pouring temperature by 25? to 50? F, depending upon 
the distance involved. 

The quality of the babbitted bearing depends mainly upon 
the temperature at which the metal is poured. А high pour- 
ing temperature will increase the amount of shrinkage dur- 
ing solidification and this will create severe shrinkage stresses. 
A high pouring temperature will also heat up the bearing 
and mandrel and tend to keep metal in the “mushy” state a 
longer time. The shrinkage stresses may produce cracks 
which will result in bearing failure during service. 

In addition to properly melting the antifriction alloy, 
seven steps are involved in rebabbitting a bearing shell: (1) 
removing the old babbitt, (2) cleaning the shell, (3) fluxing — 
the surface to be babbitted, (4) tinning, (5) setting up the 
bearing shell for pouring, (6) preheating the mandrel, and 
(7) pouring the bearing. 

In preparing the bearing shell for rebabbitting, machine, 
chip, or melt out all old babbitt, and scrape the inside of 
the shell with a wire brush or scraping tool. The removal of 
dirt and other foreign matter from the shell can be accom- 
plished by warming it, being careful to avoid overheating or 
the subsequent tinning will be difficult. For most shells the 
best method of preparation for tinning is to machine or 
grind the surface to ensure a clean metallic contact. 

Remove oil or grease by first washing the shell in Vapor 
Degreaser or а similar degreasing solvent. Follow this op- 
eration by washing the shell in а hot alkaline cleaner solu- 
tion (4 or 6 ounces of Oakite to 1 gallon of water, or а weak 


lye solution if Oakite is not available). Next, rinse the 
shell in fresh water. The oxide film and scale can be re- 
moved by pickling the shells in a bath of 4 parts water and 1 
part muriatic acid (HCl). A flash or instantaneous pickle 
for bronze shells, and a pickle of 2 to 5 minutes for steel and 
cast iron will be sufficient to clean the shells. This solution 
тау be swabbed or painted on if no bath is available. After 
pickling, the shell is again rinsed in fresh water. Holes 
through the shell are plugged with dry asbestos or magnesia. 
Surfaces which are not to be tinned are coated with fireclay 
wash. 

After thorough cleaning and pickling, flux the surface to be 
babbitted either by dipping or swabbing. А suitable flux 
can be prepared by mixing equal parts by weight of zinc-chlo- 
ride and water. А flux may also be made by mixing 11 parts 
of commercial grades of zinc-chloride with 1 part of granu- 
lated ammonium-chloride (sal ammoniac). Stir boiling 
water into this mixture until а hydrometer reading of 52° 
Baumeisreached. Itisimportant that freshly prepared flux 
be used. Old or weak flux will not properly clean the 
surface. 

Prior to babbitting, bronze and steel shells are coated 
with a thin layer of solder or tin. The lower melting point 
solder or tin will aid in producing a strong bond between the 
babbitt and shell. After the shell has been fluxed, dip it 
into & bath of 50/50 solder (50 percent tin and 50 percent 
lead) orin puretin. Withthe bath of solder at a temperature 
of 575? to 600? F. (tin at 550? F.) dip the bearing shell into 
the bath and hold it there until it reaches the bath tempera- 
ture. Then remove the shell and inspect for flaws. Scrape, 
re-flux, and re-tin those areas which have not been adequately 
coated. As soon as an adequate coat of solder is ensured, the 
bearing shell is set in the jig and mandrel for immediate 
pouring. 

Figure 8-1 shows a simple jig for use in babbitting bear- 
ings. Using \%- to 14-inch thick pieces of sheet metal 
wrapped with asbestos paper as spacers between the shells, 
wire the two halves of the bearing together before tinning. 


A center core or mandrel of steel of the correct diameter is 
bolted to the base plate. Thoroughly cleaned steel tubing 
or pipe is satisfactory. The mandrel should be 3%- to 34-inch 
smaller in diameter than the diameter of the finished bear- 
ing to allow for peening and subsequent machining. А cross- 
bar is bolted to the top of the mandrel after the bearing is 
set in place. Wooden wedges driven between the cross-bar 
and the pouring lip serve to hold the bearing and lip in place 
during pouring. 
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Figure $—1.—Jig for babbitting bearings. 


While the bearing shell is being cleaned, fluxed, and tinned, 
the mandrel must also be prepared for pouring. This is 
accomplished by preheating the mandrel with a torch to at 
least 600? F. This reduces the chilling effect of the man- 
drel, permits solidification to start at the bearing shell and 
progress toward the mandrel, and prevents the babbitt from 
pulling away from the bearing shell during solidification. 

Be careful that no moisture remains on the mandrel or 
bearing. Contact between the moisture and hot metal causes 
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the latter to fly, endangering personnel. Moisture may also 
cause poroeity in the liner. 

Аз soon as the mandrel has been thoroughly preheated and 
the bearing tinned, the latter is set in the jig and the space 
between the bearing and mandrel equalized by a rule or feel- 
ers. The pouring lip is set in place and the cross-bar bolted 
in place and wedges driven in. Carefully check the jig as- 
sembly for lesks. Make any openings tight with calking 
clay or putty to prevent metat loss during pouring. 

Pour the babbit as soon as possible after the assembly 
is ready. Pouring must be accomplished while the tinned 
bearing shell surface is still liquid. 

The size of the ladle and quantity of metal melted is gov- 
erned by the size of the bearing to be babbitted. More metal 
should always be melted than is actually required. Any ex- 
cess can be pigged and remelted. The ladle or ladles should 
always be large enough to hold more metal than required for 
the pour. If an insufficient amount of metal is poured into . 
the cavity resulting in a short poured bearing, subsequent 
addition of metal will produce a defective bearing since the 
second meta] will not bond with that originally poured, once 
solidification occurs. 

When а single ladle of sufficient size is not available, two 
ladles may be used provided the contents of both are poured 
into the bearing at the same time. In the event there is 
insufficient room for both ladles over the pouring jig, the 
contents of one ladle may be poured directly into the bearing 
while the metal from the second ladle is being poured into 
the first ladle. 

A bottom-pour or self-skimming type of ladle is pretere, 
since it prevents dross, dirt, oxides or other impurities from 
entering the mold. If such a ladle is not available, a lip 
pour ladle may be used. When using a lip pour ladle, care- 
fully skim the surface of the molten metal with a flat metal 
rod. This will help produce a bright metal surface free from 
oxides. 

After stirring the metal thoroughly, pour it slowly and 
steadily in a thin stream. A fast poured, heavy stream fills 


the opening too rapidly to allow the necessary escape of air 
and causes it to be trapped as bubbles or seams in the lining. - 
Maintaining a steady stream will prevent this. 

Solidification shrinkage takes place in antifriction tin base 
babbitts as in other casting metals. During pouring, the 
chilling action of the steel mandrel and the bearing shell 
generally start solidification in the metal before the mold 
is filled. The extent to which the mandrel serves to chill the 
metal depends on the heat retained in it from the preheat. 
Liquid and solidification shrinkage take place in the first 
metal to enter the mold as soon as the freezing temperature 
is reached. If the babbitt is poured slowly, auto-feeding 
takes place; that is, & lower section of metal is fed by the 
liquid metal immediately above it. Here, the early shrink- 
age of the solidifying metal is compensated for by metal 
added during pouring. The amount of auto-feeding de- 
pends upon the temperature of the metal, the rate of pouring, 
апа the thickness of sections involved. 

Pouring is continued until the bearing cavity is filled to 
the top. The elimination of gas and air in the bearing is of 
vital importance. This is usually accomplished by thorough 
puddling of the metal during pouring. Generally, a flat 
steel rod 36 by Ив inch in cross section, which has been 
previously preheated by immersing the rod in the molten 
babbitt, is used. As soon as the first metal is poured, pud- 
dling or churning is started. This action, which permits 
efficient feeding, is continued throughout pouring. Molten 
babbitt is added as contraction occurs until the mold has been 
completely filled. 

After pouring, wrap the bottom of the bearing shell as- 
sembly with wet cloths to start directional solidification. Re- 
peat this operation until the babbitt solidifies. An air blast 
may be used to hasten solidification. After solidification, 
if the sides of the shell have been drawn together, the shell 
may be returned to its original dimensions by peening the 
inner surface of the lining. The next step is to remove the 
spacers from between the shells. Then separate the halves 
by sawing through the babbitt on each side. After the foun- 


dry completes its part of the rebabbitting job, the bearings 
are sent to the machine shop and set up for machining to cor- 
rect dimensions. 

Generally, checked, cracked, or crumbling bearings were 
originally improperly bonded, or poured at too high & tem- 
perature, causing high contraction stresses to occur during 
cooling. The proper relation between the temperatures of 
the metal, mandrel, and bearing shell is ап important factor 
in producing sound babbitted bearings. 

The presence of air pockets in the lining or between lining 
and shell can quickly produce bearing failure. Oil will collect 
in these pockets and prevent uniform transfer of heat to the 
back of the bearing. A hot spot can develop and progress 
until the bearing metal is hot enough to melt. A properly 
cast babbitt liner with а homogeneous structure will give 
good service. 

SUMMARY 


Four major classes of nonferrous metals are melted in 
Navy foundries: copper base, nickel base, aluminum base, 
and babbitt. In this chapter we discussed the procedures for 
melting tin bronzes, yellow brasses, aluminum bronze, monel, 
aluminum and bearing alloys. It was pointed out that the 
melting practice varies not only with the particular alloy 
involved, but also with the melting unit employed. It was 
also stressed that the pouring temperature is somewhat in- 
fluenced by the design of the casting; thin sections require 
higher pouring temperatures. 

While alloys may be produced from virgin materials, the 
common practice is to utilize scrap of known composition, 
master alloys, and remelt ingot in conjunction with new 
metal. The use of master alloys and remelt ingots simplifies 
the incorporation of high melting point elements, lowers 
the temperature to which the charge must be heated, and 
thus serves to increase the probability of producing sound 
castings having the desired chemical composition. 

Of the copper-base alloys we noted that tin bronzes and 
red brasses require careful deoxidation with phosphor-cop- 
per. The yellow brasses do not require this treatment since 


their high zinc content effectively purges the bath of oxides. 
While making copper-base alloys, additions of zinc, tin, and 
lead аге made gradually to avoid excess melting loss and to 
permit rapid solution. Although rapid melting is essential, 
constant control is necessary to avoid overheating. With the 
brasses, excess zinc fumes are a signal to decrease the melting 
rate. Avoid severe agitation of the charge during the mix- 
ing operation, especially when the alloy is aluminum bronze. 
Agitation results in the loss of low melting point elements 
which may effect physical properties. 

Oil-fired furnaces are suitable for melting all nonferrous 
metals other than nickel base alloys. Since the melting point 
of materials similar to monel is relatively high, the produc- 
tion of these alloys is limited to foundries having indirect- 
&rc, resistor, or induction furnaces. Normally, nickel-base 
alloys are made from remelt ingot and scrap of suitable 
analysis rather than new materials. When all new mate- 
rials make up the charge, copper oxides are introduced in 
proportions of 2 to 3 ounces per 100 pounds of metal. 
Charges composed of remelt material require а 0.5 percent 
metallic manganese and a 0.2 percent silicon addition. 
Whether made from new or remelt material, deoxidize 
nickel-base alloys in the ladle with 114 ounces of magnesium 
per 100 pounds of metal. 

Best results in aluminum melting are obtained when the 
operation is carried out in a crucible or iron pot furnace. 
Clean equipment and carefully selected material аге essen- 
tial Fluxing with Foseco Coverall and Foseco Degaser is 
necessary to prevent porous castings. Careful control of 
pouring teroperatures and a minimum of agitation and 
skimming are crucial. In the event that aluminum is over- 
heated, pour the charge into ingots. Then, after they have 
solidified and cooled, remelt them under conditions of 
proper temperature control Inferior castings result when 
overheated aluminum is poured into castings. 

Rebabbitting is an important nonferrous foundry opera- 
tion. Tin antimony-copper alloy requires slow heating, ac- 
curate temperature control, and careful mixing. The shell 
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into which the babbitt is poured must be clean, dry, and 
coated with & thin layer of tin or solder. Pour the metal 
slowly, maintaining а steady stream. The entire bearing 
must be poured at one time or а defective bearing will re- 
sult. Eliminate gas and air by thoroughly puddling the 
metal with a preheated metal rod during the pouring opera- 
tion. Although the machine shop completes the job, the use- 
fulness of the bearing depends upon the work done in the 
foundry. 


10. 


QUIZ 


. What Navy copper-base alloys are included among the tin bronzes? 
. What principal factor determines the pouring temperature se- 


lected within the pouring temperature ranges cited in this chapter? 


. Why are master alloys rather than pure metals frequently em- 


ployed to produce casting alloys? 


. Why should additives be incorporated into the bath in small 


amounts? 


. What is the effect of an excessive phosphor-copper deoxidation 


treatment on tin bronze? 


. Yellow brass turnings require special treatment before they may 


be incorporated in a charge. What is this treatment? Why is it 
necessary? 


. Describe the spoon test which may be used to determine when a 


nickel-base alloy is hot enough to pour. 


. Why must agitation and skimming be held to a minimum in alumi- 


num melting? 


. Disregarding temperature differences, in what principal way does 


the melting of babbitt differ from that of other alloys? 
How are air and gas eliminated when pouring a babbitt bearing? 
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CHAPTER 





MELTING FERROUS METALS 


SOME LIMITATIONS 


While ferrous alloys are less frequently melted and poured 
than the nonferrous metals discussed in the previous chapter, 
knowledge and skill in the use of iron and steel melting pro- 
cedures are equally important. Not all Navy foundries, 
however, are equipped for producing ferrous castings. Some 
are limited to brasses, bronzes, and low melting-point mate- 
rials. Others can produce cast iron in an emergency but not 
as a normal operating procedure. Still others, however, 
have the facilities for producing any kind of casting likely 
to be required within the limits of their capacity. Conse- 
quently, whether you melt steel or not, will, in large measure, 
depend upon the type of equipment available at your duty 
station. 

As a rule, oil- or gas-fired furnaces are suitable for the 
production of cast iron only in an emergency. Detroit elec- 
tric rocking furnaces are capable of melting the ferrous 
metals normally required, but are inefficient for melting steel 
because the high temperatures necessary use up the lining 
rapidly. For the production of steel, the induction furnace 
provides the most satisfactory melting equipment. In gen- 
eral, whether the material to be melted is ferrous or nonfer- 
rous, furnace operation as well as the overall melting proce- 
dure is much the same. Since the temperatures involved in 
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ferrous alloy melting are relatively high, and in many cases 
near the flow point of the refractory lining material, the fur- 
nace operator must be in complete control of the situation. 


Melting Cast гоп 


Cast iron is predominantly an alloy of iron and carbon in 
which the iron contains so much carbon that the metal is not 
malleable at any temperature in the cast condition. Total 
carbon content in cast iron ranges from 1.7 to 4.5 percent. 
Navy grades, however, usually range from 2.6 to 3.35 percent 
carbon depending upon the casting's purpose. About 0.60 
to 0.75 percent of this is combined carbon, the remainder 
being graphite. In addition to carbon, there is an important 
percentage of silicon (1.25 to 2.2 percent) and for special 
purposes copper, nickel, or chromium. About 0.80 percent 
manganese is also present in Navy-grades of cast iron. 

Many cast irons are inoculated with ferrosilicon, ferro- 
manganese, ferronickel, or graphite. Inoculation is a proc- 
ess in which an addition is made to molten cast iron for the 
purpose of altering or modifying the size, shape, and amount 
of the graphite particles in the iron, thereby controlling the 
mechanical and physical properties to & degree not obtain- 
able by simple melting and pouring. For this reason, sev- 
eral irons having the same chemical composition can have 
different mechanical properties. 

In common with the melting of other metals, the procedure 
for cast iron requires that the furnace be preheated to the 
pouring temperature of the metal (2800°-2900° Е). Аз 
soon as this temperature is attained, the previously calcu- 
lated апа assembled material for the heat is charged into the 
furnace without delay. (See Molder 3 & 2 for a discussion 
of foundry materials and charge calculation procedures.) 

Foundry returns and remelt material are charged first 
with unusually heavy pieces placed on the bottom. Borings 
are usually charged next so they can filter into voids between 
larger pieces. The charges should be as compact as cir- 
cumstances permit. When these materials are in, charge any 
alloying additions of nickel, chromium, molybdenum, and 
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vanadium but not ferrosilicon or ferromanganese. These 
latter materials are not incorporated until the bath is molten 
just prior to tapping. In the electric rocking furnace, pig 
iron, and then structural steel scrap is placed on the top of 
the charge near the heating elements. This procedure is 
not necessary when charging an induction furnace. Неге the 
essential point is that the material is so charged that scrap 
is free to slide down into the bath. 

Throughout the melting cycle observe the charge periodi- 
cally to determine the progress of melting. When using an 
induction furnace, the melter must be on the lookout for 
evidence of bridging; with the rocking furnace, he must 
be alert to increase the rocking angle as steadily as the molten 
pool of metal permits. In any furnace, the cast iron charge 
is melted as rapidly as possible in a slightly oxidizing 
atmosphere. 

When the entire charge is completely melted, the ferro- 
manganese and ferrosilicon inoculants are added to the 
charge. The proper time to add these ferroalloy final addi- 
tions may be determined by feeling through the bath with 
a soft iron rod (114-inches diameter). If no solid pieces 
are present, and if the tip of the rod sparkles when with. 
drawn from the bath it is time fo add the ferroalloys. (With 
rocking furnaces, make these final additions through the 
spout.) Then superheat the bath to the desired tapping tem- 
perature. This temperature should be attained from 3 to 5 
minutes after the manganese and silicon additions. A test 
similar to that described to determine the suitability of the 
bath for incorporating finals may be used to determine tap- 
ping temperature. When the rod tip melts, leaving a sharp 
point after a 15 to 20 second. immersion, the heat is 2800° F 
or higher and should be tapped as soon as possible. The 
presence of a bubbling action is another indication that a bath 
temperature of approximately 2800° F has been reached. 

Other than being on the lookout for bridging, determining 
the proper time to make final additions, deciding when the 
heat is ready to be tapped, and exercising normal vigilance, 
the melting procedure in the induction furnace requires no 
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special practices. This is not the case with electric rocking 
furnaces. Неге the operator must also be on the lookout for 
an accumulation of slag. Slag is most objectionable. First, 
it insulates the charge from the heat source, making it im- 
possible to superheat the bath. Second, it reflects an ab- 
normal amount of heat to the refractories above the slag. 
This may cause the lining to melt and form more slag. If 
the condition continues, the lining can be quickly burned 
out. 

When melting with electric rocking furnaces, the operator 
must be constantly alert to detect the formation of slag. 
When this occurs, shut down the furnace, remove the door, 
and spread clean dry sand over the slag to thicken it. Then 
pull the slag out of the furnace and resume operations. 

Prior to tapping a cast iron heat, pour a test bar in a chill 
mold. After cooling and fracturing the bar observe the 
broken surfaces to determine if the “mix” is satisfactory. 
If not satisfactory, adjust the composition by adding graph- 
ite or ferrosilicon or other graphitizing inoculants to the bath 
or ladle. The effective use of this fracture test requires 
experience in order to judge the relationship between depth 
of chill and the carbon-silicon ratio of any heat as it applies 
to the controlling section thickness of the casting to be 
poured. However, the operator can build up some back- 
ground by correlating the fracture bars with the machin- 
ability of the castings, and by making some hardness 
determinations. 

Iron produced in electric furnaces must be tapped as soon 
as possible after it attains the tapping temperature. This 
is necessary since iron tends to refine (dissolve graphite 
nuclei) in these furnaces on holding at temperature or on 
superheating. This refinement causes a constant increase in 
hardness of the castings, tends to increase shrinkage, and 
increases strength; therefore the heat should be removed 
from the furnace just as soon as possible. This refining 
action in the electric furnace is opposite to that which hap- 
pens in a cupola where the iron may actually get softer on 
holding. 
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During the tapping operation, the furnace is operated at 
reduced power input. The object here is to maintain a 
constant bath temperature throughout the tapping period. 
If the entire heat is poured into one ladle, the ferrosilicon and 
ferromanganese inoculants may be added in the ladle rather 
than in the furnace itself. If the heat is to be shanked into 
several pouring ladles, ladle inoculation may cause nonuni- 
formity of composition since the weight of the metal tapped 
can only be approximated. This nonconformity, however, is 
not as harmful with gray iron as with other metals. In 
any event, there should be no delay once the tapping tem- 
perature is attained. Excess hold time at high tempera- 
tures serves only to increase the probability of producing a 
defective casting. 


Melting Steel 


Steel castings produced in Navy foundries include class 
B plain-carbon, carbon-molybdenum, and stainless steels. 
(See appropriate Navy specification for composition.) The 
melting practice in each case is essentially the same. The 
mechanism for calculating the charge for the composition 
of steel is exactly the same as that used for cast iron (see 
Molder 3 & 2). However, the carbon must be considered as 
an alloy addition. Though it might appear that there is a 
slight gain in carbon content there is actually a loss. The 
carbon loss depends on the steel melting practice employed. 
If the dead-melting method is used, carbon loss is approxi- 
mately 0.02 percent. If the boiling method is used carbon 
loss can range from 0.1 percent to as much as 0.2 percent. 
Both melting methods will be described in subsequent para- 
graphs. 

While steel is most satisfactorily produced in the induc- 
tion furnace, it can be melted in indirect-arc and resistor fur- 
naces. Itisalittle more difficult and uneconomical, though, 
and constant attention by the furnace operator is required. 
Since steel melting is more critical in electric rocking. fur- 
naces than in induction furnaces we will first discuss the 
procedure in an indirect-arc unit. 
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During the entire steel melting procedure in the indirect- 
arc furnace, the electrode joints should be outside the barrel, 
port sleeve, and electrode clamps. Use two new electrodes 
if necessary. This precaution is necessary only when melt- 
ing steel, as any graphite entering the bath will increase 
the carbon content above the desired limit. If an electrode 
breaks and falls into the hearth of the furnace, it should be 
removed immediately. 

The charge itself is preferably made of carefully selected 
structural steel scrap of uniform size. Scrap having a light 
coating of rust is highly desirable. Rust, of course, affects 
the composition of the scrap. If rusting has progressed 
sufficiently, it will initially reduce the silicon, then the 
manganese, and finally, the carbon. At any rate the aggre- 
gate composition of the charge should be, as nearly as pos- 
sible, that desired in the finished metal. Avoid heavy pieces 
since they will prolong the melting period. Remelt material 
consisting of heads, gates, and defective castings may make 
up any proportion of the charge. It is perfectly feasible to 
use 100 percent returns if desired. These materials should 
be free from adhering sand to avoid the formation of a 
heavy slag blanket. Alloys of nickel, chromium, and molyb- 
denum may be added to the cold charge. However, if an 
oxidizing melting procedure is to be used, the chromium 
should not be included in the cold charge as there would 
be an excessive loss of this element. 


Methods fer Melting Steel 


There are two distinctly different methods for making 
steel in an indirect-arc unit. One is a dead-melting method; 
the other is the boiling method. The latter more nearly 
approaches the standard methods developed for steel melt- 
ing in industry. Up to the time the charge is completely 
melted, the procedure is the same in both methods. The 
metal is melted as fast as possible and the furnace quickly 
brought to full rock. 

In the pEaD-MELTING method, additions of ferromanganese 
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and ferrosilicon are made as soon as the last piece of steel 
melts. These additions are made without breaking the arc 
or changing the rocking motion of the barrel. The additives 
must be small enough to charge through the spout without 
difficulty. When these additions have been made, the heat 
is almost at temperature, and preparations should be made 
for tapping shortly thereafter (approximately 5 minutes). 
Watch the bath carefully during this stage as the tempera- 
ture of the molten metal is approaching the fusion point 
of the lining. If the lining shows any indication of “run- 
ing," or an excessive slag blanket forms on the surface of 
the bath, tap the heat immediately. When using this method 
of melting steel, porosity and low impact resistance are 
quite common defects caused by gases present in the charge 
which are absorbed during melting. 

When using the BOILING METHOD for making steel in this 
unit, as soon as the charge is completely molten, 2 percent 
of iron ore is added to the charge which has previously been 
calculated to melt down at 0.25 percent carbon. Аз soon as 
the ore melts, the following reactions occur: First of all, the 
silicon starts to oxidize out. When this reaction has nicely 
started, the manganese begins to oxidize, followed by the 
carbon. It is the reaction of carbon monoxide that causes the 
Steel to boil through the formation of carbon monoxide. By 
forming bubbles in the bath into which hydrogen and nitro- 
gen pass, the carbon monoxide cleanses the steel of these 
gases. The carbon monoxide formed in the steel burns to 
carbon dioxide at the furnace door. Ав soon as the reaction 
subsides, which can be determined by the force and brilliance 
of the flame at the furnace door, the furnace is rolled so that 
all excess slag is drained off. At the time the ore is added 
the power is reduced approximately one-third and kept re- 
duced during the balance of the heat. When all the excess 
slag has been removed, make the ferrosilicon and ferroman- 
ganese additions and tap the heat within two or three min- 
utes. Making steel in this manner results in sound castings 
with good ductility. Handling the slag, however, is a greater 
problem than with the dead-melting method. 
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The ore addition may be reduced to 1 percent if very rusty 
scrap is used, though this should be avoided except in cases 
of extreme emergency. Larger additions of ferromanganese 
will have to be made because of the oxidized condition of the 
bath. About 1.20 percent manganese should be added. A fter 
making several heats of steel by this method, the experienced 
operator should have no great difficulty in controlling 
composition. 

The tapping temperature is preferably between 3000 F 
and 3100? F. Optical pyrometer readings should be made 
with & calibrated instrument and recorded on a suitable form 
together with other pertinent operating data. 

Tap the furnace into a well dried and heated ladle. When 
the ladle is half full, add the necessary deoxidizers to “kill” 
the heat. Additions of calcium-silicon-manganese (Ca-Si- 
Mn) and aluminum give satisfactory results. Make certain 
that the additions are effective and do not become entrained 
in the slag or an incompletely deoxidized or “wild” heat 
will result. 

Steel melting in the induction furnace is much the same as 
that described for the indirect-arc furnace. The dead-melt- 
ing method may be employed here too, but better results are 
more consistently obtained when the boiling method is em- 
ployed. However, the full capacity of the furnace cannot 
be utilized if the boiling method is used. While any pro- 
portion of gates, risers, and other steel scrap may be used as 
a charge in the induction furnace, a mixture of 50 percent 
gates and risers and 50 percent of other steel scrap is quite 
satisfactory. Old castings, if used, should be considered as 
gates and risers. An original carbon content of 0.25 to 0.35 
percent should be available and should be boiled to about 
0.08 percent carbon. A refractory cover should be provided 
for the induction furnace to prevent slopping metal on the - 
sides of the furnace and on the deck. 

The charge is made by placing about 50 pounds of steel 
scrap on the furnace bottom. On top of this, 3 or 4 percent 
of iron ore is placed and the remainder of the plate serap is 
added, followed by the gates and risers (remelt). 
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As soon as melting is complete, and a temperature of about 
8000? F attained, 10 or 15 pounds of pig iron are added. 
Before being added, the pig iron should be placed on the top 
of the furnace for 4 or 5 minutes to warm and dry. When 
added, it is held under the surface of the bath with a steel 
rod. The addition of carbon, in the form of pig iron, pro- 
duces & boil which serves to rid the steel of undesirable 


gases. 

After this boil has subsided, add the ferromanganese first, 
to kill the heat; then add the ferrosilicon. When these are 
completely melted, tap the heat. This will give a cleaner 
Steel than is possible when the FeSi is added first, or when 
both the FeSi and the FeMn are added together. If the en- 
tire heat is to be taken out in one ladle, the power is shut off 
and allowed to remain off. However, if the heat is to be 
tapped into small ladles, the power is shut off as soon as the 
ferromanganese and ferrosilicon are melted. The slag comes 
to the surface of the metal where it can be skimmed off, and 
trouble is thus avoided during pouring. As soon as the slag 
is removed, the power is put on again and allowed to remain 
on during the pouring of the heat, which is accomplished 
as fast as possible. 

The final deoxidizers are added in the ladle when the 
whole heat is tapped at one time. When tapped into small 
ladles, the aluminum (2 ounces per 100 pounds) is best added 
in the furnace, with an extra addition to the small ladles. 
T wo ounces of aluminum per 100 pounds of steel is the cor- 
rect amount to add to small ladles in such cases. 

The carbon in the pig iron should be considered in calcu- 
lating the charge. Nearly all of it will be lost during melt- 
ing and in tlie boil. If 0.10 percent carbon is added, under 
proper conditions not more than 0.08 to 0.05 percent are 
recovered. 

When melting corrosion resistant steel, iron ore is added 
to the charge, but because of the low carbon content allowed, 
it is not possible to add pig iron. The iron ore, however, 
helps to maintain an oxidizing condition during melting, 
which aids in preventing the absorption of gases such as 


hydrogen and nitrogen. In the event that chromium is a 
constituent of the alloy, deadmelting should be used. Oxi- 
dation will cause considerable chromium loss. Materials se- 
lected for producing chromium resistant steel should be sand 
blasted and absolutely clean. 

With either of these furnaces it is essential that the unit 
be thoroughly preheated to keep the time of the steel heat 
to a minimum. A rapidly melted heat, tapped promptly is 
the most foolproof metallurgically. Throughout the melting 
procedure, observe the physical condition of the charge. 
Note the beginning of slag formation toward the end of the 
heat. This indicates that necessary superheating and tap- 
ping temperatures are approaching and that the metal must 
be watched very closely from this time on. Toward the end 
of the heat look for the last remaining slug of metal. Dur- 
ing the early part of the heat most of the charge has become 
welded together. This assumes the form of a solid slug of 
metal after а pool has begun to form and it is not until almost 
the very end of the heat that the last bit of metal becomes 
fluid. This final melting can be seen if watched carefully 
and it denotes the time for taking a spoon sample for fluidity 
test. In lieu of a spoon sample a small amount of metal may 
be tapped into а hand ladle for inspection of fluidity. Then 
if fluidity is satisfactory, add ferromanganese and ferrosili- 
con, and then the final aluminum deoxidizer. Tap the heat 
аз soon as possible. 


NOTES ON POURING 


Pouring temperature depends on the alloy itself and on 
the sectional thickness of the casting. For that reason, rec- 
ommended pouring temperatures are given in terms of 
ranges rather than specific values. In addition to having 
different pouring temperatures, metals also differ in the way 
they are poured into the mold. While pouring is а critical 
operation in the production of any casting, it is more critical 
with some metals than with others. 

In general, before tapping the furnace, thoroughly dry the 
ladle by heating it to & red heat. Be sure that the ladle is 
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positioned securely in the bail. During the tapping opera- 
tion, avoid filling the ladle to its brim. This is an unwise 
practice from the standpoint of safety and for the production 
of good castings. | 

If the ladle is filled to about three-quarters of its capacity, 
metal will not flow over the lip until the ladle is inclined 
to ап angle approximately 60° from the horizontal. This 
permits a good control of the stream, making it possible to 
keep the ladle quite low and thus keep the height of the metal 
low. This lessens mold erosion, entrapment of air, formation 
of oxides, and metal spills. 

Skim the ladle carefully prior to pouring. If the slag 
is too fluid to be skimmed properly, dry silica sand may be 
spread across the surface of the molten metal to thicken it. 
Use dry metal rods, or special metal skimmers, for skimming 
or stirring metal. Using wooden skimmers, or stirrers, is 
definitely bad practice for any metal, because wood contains 
moisture, which can and often does produce ا‎ in 
the castings. 

Fill the pouring basin quickly to prevent nonmetallics and 
slag from entering the mold cavity. То do this, the ladle 
stream must be controlled carefully. Once pouring has 
started, it should continue uninterruptedly until the mold is 
filled unless pouring through the sprue is stopped when the 
metal has reached the riser level, and the metal is then poured 
down the risers. 

Avoid skimming during pouring. If any slag is present, 
skimming is likely to cause some of it to break away and 
flow into the mold. The best method for preventing slag 
from entering the mold is to provide a pouring basin. By 
keeping the basin full of metal at all times during pouring, 
any slag that flows over the ladle lip will float on the metal 
in the cup. 

In pouring a metal that forms dross, every effort must be 
made to avoid turbulent entry of the metal into the mold. 
It is particularly important, in such cases, that the lip of the 
pouring ladle be as close to the pouring basin as possible. The 
sprue must be filled quickly and kept full in order that the 
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tendency for dross and entrapped air to enter the mold will 
be ata minimum. Skim gates, or perforated cores, placed in 
the down gate or pouring cup are frequently used as an aid 
-in preventing dross and entrapped air from entering the 
mold. These devices, however, can do more harm than good 
since they create a vertex suction or jet action which draws 
contaminants into the mold. Better results can be obtained 
with a down gate having a flat side which effectively prevents 
the vertex effect. 

Agitation of the molten metal while it is being transported 
to the mold also increases dross formation and gas absorp- 
tion. This is particularly true in the case of aluminum and 
its alloys. If the metal must be stirred, it should be done as 
rapidly as possible, from the bottom upward, being careful 
not to disturb the surface more than necessary. Continual 
skimming of the metal increases the total oxide loss, since 
each time the protective oxide coating is removed, a new one 
forms. It is preferable to skim just prior to pouring. 

The procedure outlined in the preceding paragraphs is 
suitable for cast iron, steel, aluminum, tin-bronze, red brass, 
and copper-nickel. Metals that are prone to drossing require 
special care. Manganese bronze, for example, drosses easily 
when it comes in contact with the atmosphere after skim- 
ming, and when agitated excessively during the pouring 
operation. Therefore, it is important that skimming and 
agitation be kept to an absolute minimum. The molten 
metal is poured slowly into the molds at first until it enters 
the riser, then poured faster into the riser. This is done to 
keep the metal in the riser fluid for a longer period and to 
allow the riser to feed the casting. Pouring into the riser 
is also done to provide hot metal for more efficient feeding. 
With yellow brass and metals whose drosses contain alum- 
inum, the turbulent entry of the metal into the mold should 
be avoided. The lip of the pouring ladle should be as close 
to the pouring basin as possible. The down gate should be 
filled rapidly, so that entry of the dross and entrapped air 
will be at a minimum. Skim gates in most cases are a 
necessity. 
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The most desirable temperature to pour any casting is the 
lowest possible temperature at which the metal is sufficiently 
fluid to fill the mold without cold shuts. Avoid overheating. 
Use as low а pouring temperature as practicable. Excessive 
heating of the metal causes discoloration, heavy loss of zinc, 
and an excess amount of dross. 

Close control of pouring temperatures is essential to the 
consistent production of good castings. Excessive pouring 
temperatures, i. e., temperatures above those required for 
the proper filling of the mold, result in excessive oxide or | 
dross formation, segregations, rough and dirty casting sur- 
faces, unnecessarily high liquid shrinkage and increased 
danger of cavities, tears, and porosity. If the pouring tem- 
peratures are too low, entrapped gas and dross, and misrun 
castings or castings with surface laps (cold shuts) are likely 
to result. 

SUMMARY 


The production of ferrous castings is normally limited to 
those foundries having indirect-arc, resistor, or induction 
furnaces. But even where this equipment is available, the 
operator must be in complete control of the melting opera- 
tion. The melting point of ferrous metals, especially steel, 
is near that of the refractory lining material. Consequently, 
a slight excess of heat may result in a melted lining. Аза 
rule, the lining of an arc or resistor furnace will not last 
more than two or possibly three heats of steel. 

In general, the melting practice for ferrous and nonferrous 
metals is the same, except that higher temperatures are in- 
volved. Rapid melting is the ryle. A cast iron charge 
should be compact. Remelt material is charged first with 
heavy pieces at the bottom. Borings along with the alloy 
additions of nickel, chromium, molybdenum, and vanadium 
are placed on top. Ferrosilicon and ferromanganese are in- 
corporated just prior to tapping the heat. These latter addi- 
tives are sometimes known as inoculants. Once the additives 
are in and the tapping temperature attained, there should be 
no delay in pouring. 
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A steel charge consists of carefully selected scrap having 
а chemical composition that closely approximates the desired 
analysis. Avoid heavy pieces. Ве sure that scrap is free 
of sand. It may form a slag blanket capable of reflecting 
sufficient heat to melt the lining. Steel melting may be 
accomplished by either the dead-melting or the boiling 
method. The former is similar to the procedure used with 
cast iron. Of the two methods the boiling method is pre- 
ferred. Here, iron ore is added to the charge after it be- 
comes molten. Upon melting, the ore initiates a reaction 
which causes carbon monoxide to bubble through the bath 
into which hydrogen and nitrogen gas pass, thus cleansing 
the molten charge. When this reaction subsides, excess slag 
is skimmed off; ferrosilicon and ferromanganese additions 
are made; and the heat is tapped. Deoxidation is usually 
accomplished in the ladle with calcium-silicon-manganese 
and aluminum. 

The chapter concludes with general notes on pouring. 
These notes are applicable to all classes of metal. When the 
metal has attained the proper temperature, and all additives 
are in, the metal should be poured as soon as possible. Avoid 
undue delay in pouring by having all necessary equipment 
and molds ready. 'The typical pouring ranges given below 
may be used as a guide in selecting the proper pouring tem- 


perature. 
Metal Pouring temperature range 
Gun шеїа1_—------------------------------ 2050°—2200° F 
Valve һгопке-__ ......------------------------ 2025*-2125* F 
Hydraulic Ъ%гопе..... ...-.-----—-----.------ 2000*-2100* F 
Yellow brass...........-...-..-.-..------ 1825°-1900° F 
Manganese bronze..........--..---.-.--.-.- 1900°-1975° F 
Aluminum Ътголке...........-..----------.------ 1950°-2250° F 
MONG -ossai ee 2130*-2850* F 
АИО . ...-----------------—-------- 1250°-1400° F 
Bapplt tse 800°- 850° F 
Сав 1гоһл.......----------------------------- 2800°— °F 
Бер Е а Ес EEE 2850°-3000° F 


Pouring temperature is crucial, but so is the manner in 
which the pouring operation is carried out. The importance 


of pouring may be summarized as follows: keep ladle equip- 
ment in а good state of repair; before being used, ladles must 
be thoroughly dried by preheating to a red heat; for safety, 
as well as better control in pouring, the ladle should be held 
in а position as close as possible to the pouring cup or sprue; 
once pouring has started, pour at a steady rate without inter- 
rupting the stream ; and finally, pour at the correct tempera- 
ture, not too high, not too low. After pouring, clean and 
repair ladles as necessary. 


QUIZ 


1. What is meant by the term “inoculation” as it relates to cast iron? 

2. How can the operator determine when a cast iron heat has attained 
the proper condition for the incorporation of ferrosilicon and 
ferromanganese? 

3. Why is a slag blanket objectionable in electric rocking furnaces? 

4. How does the dead-melting method differ from the boiling method 
of steel making? | 

5. What is the disadvantage of the boiling method of steel making? 

6. How may a fluid siag be thickened so that it can be removed? 

T. Why is iron ore rather than pig iron added to a corrosion resistant 
steel charge? | 

8. Why are wood skimmers unsuitable in pouring operations? 

9. What is the most desirable pouring temperature for any metal? 
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CHAPTER 





SOLIDIFICATION AND ITS CONTROL 
SOUND CASTINGS 


Important variables in the production of sound castings 
are casting design, mold construction, melting practice, 
pouring temperature, and the method of filling the mold and 
feeding the casting during solidification. Each of these 
variables has been discussed to some extent, either in Molder 
3 & 2, or in previous chapters of this volume. We have dis- 
cussed the principles for obtaining directional solidification 
and producing distortion free castings resulting from un- 
equal metal contraction in the solid state. Further, the im- 
portance of molding materials and molding methods, as well 
as melting practices, have been pointed out. 

Although solidification and the design and function of 
gates and risers are presented in Molder 3 & 2, the present 
chapter will discuss these topics in greater detail, including 
the dendritic theory of solidification, the mechanism of 
shrinkage, the factors involved in the elimination of shrink- 
age defects, and the control of directional solidification. 
Through the use of properly designed patterns and the ap- 
plication of suitable gates, risers, and chills, the foundryman 
can consistently produce sound castings. 


SOLIDIFICATION PHENOMENA 


In the solidification of any metal, factors of time, tem- 
perature, and the transfer of heat are involved. When mol- 
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ten metal leaves the furnace, it is a chemically homogeneous, 
liquid solution. The atoms constituting the mass are free to 
move rapidly to and fro in а random manner and pos- 
sess во regularity of position. However, from the moment 
the metal leaves the furnace, it constantly gives off heat at 
& rate which varies with the existing conditions. For ex- 
ample, the rate of heat loss increases when the metal comes 
in contact with the mold. As the temperature of the mol- 
ten metal decreases, atomic movement slows down and solid- 
ification begins, with some atoms arranging themselves into 
geometric patterns characteristic of the metal involved. 
Solidification does not take place at the same time throughout 
the mass of cooling metal. As the mold is filled, the molten 
metal adjacent to the mold surface cools rapidly and imme- 
diately begins to solidify, forming a solid skin-like shell on 
the outside of the casting. This skin gradually thickens by 
. drawing toward itself adjacent metal. Thus, solidification 
progresses inwardly from the mold wall toward the center 
of the casting. 

The thickness of the skin ооа initially, the rate at 
which solidification occurs, and the internal grain structure 
developed within the casting depend on a variety of factors 
including the alloy, the pouring temperature, heat transfer 
characteristics of the mold, and the design of the casting. 
А study of the cross section of a solidified casting indicates 
that three zones exist in which the grain structure of the 
metal differs. 

The first zone consists of the outer skin. This skin results 
from the rapid absorption of heat from the metal by the 
mold. Skin thickness varies. А low pouring temperature, 
а cold mold, and a casting having а small cross section, de- 
velop a relatively thick skin. On the other hand, a high 
pouring temperature and а hot mold develop a relatively 
thin skin. Within the skin, the metal has comparatively fine 

Next to and quite distinct from the skin is an intermediate 
zone of coarser columnar grains which lie at right angles to 
the mold wall. This intermediate zone blends into the inte- 


rior third zone in the central portion of the casting where 
the grains are larger and haphazardly oriented. Just as 
the thickness of outer skins vary, so do the dimensions of 
the intermediate and interior zones. Usually there is a sharp 
line of demarkation between the outer chilled and inter- 
mediate columnar zones, but no distinct line divides the in- 
termediate from the interior zone. The differences in grain 
Structure in these zones result from different cooling and 
solidification rates in these parts of the casting. The rate 
of heat loss by the metal is considerably less where the metal 
is not in contact with the sand. 

The relation between the mass or volume of a section and 
the surface area in contact with the mold influences cooling 
and solidification rates. As a rule, the solidification rate in- 
creases and the total time required for complete solidifica- 
tion decreases as the surface area for a given volume of 
metal increases. Аз you know, a sphere has the least amount 
of surface area for a given volume, while a rectangular plate- 
like solid represents the opposite extreme. To illustrate the 
effect that volume-surface area has on cooling and solidifica- 
tion rates, assume that we have two equal volumes of steel: 
а 6-inch diameter sphere and a plate 1256,"^ by 10%.” by 8”. 
According to results obtained by the Naval Research Lab- 
oratory, the sphere requires approximately 4.8 times as long 
to solidify as the plate. 

Assuming that metal is poured into molds having the same 
capacity to absorb heat, the relationship between volume and 
surface area and the solidification of a casting may be sum- 
marized as follows: 

1. Masses of molten metal having the same volume, surface 

area, and initial temperature solidify at the same time. 

2. Of two masses of metal having the same volume and 
surface area but different initial temperatures, the mass 
having the lower temperature solidifies first. 

8. Of two masses of metal having the same volume and 
initial temperature but different surface areas, the mass 
having the greater area per pound of weight solidifies 
first since it has а greater surface area to absorb heat. 
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4. Assuming equal surface area and initial temperature, 
but unequal volumes, the mass having the smaller vol- 
ume solidifies first. | 

Differences in volume and surface area alone are not as 
good an index of the relative solidification rate as the ratio 

volume of casting ; 
surface area of casting 
Obviously, a thin section solidifies more rapidly than a thick 
section. Thus, if the casting embodies both thick and thin 
sections, the various parts pass through the solidification 
phase at different intervals of time. Аз a result one section 
may be expanding while the other is contracting, setting 
up strains in the casting. Immediately after solidification, 
metal is weak. The strain set up by expansion in one part 
and contraction in an adjacent part of the casting is fre- 
quently sufficient to crack the casting. 

Solidification does not occur instantaneously but is а func- 
tion of time and temperature which varies with the metal 
or alloy. The time-temperature cooling curves in figure 
10-1 illustrate the differences in the cooling of cast metal 
alloys. As shown by curve A, pure metals like aluminum 
and alloys having a eutectic composition have a very narrow 
time-temperature solidification range. (А eutectic is an 
alloy having its percentage of elements in such proportions 
that the melting point is the lowest possible with that group 
of elements.) The curve at B shows that solid solution 
alloys like copper-nickel and steel (that is, alloys whose con- 
stituents dissolve in each other in the solid as well as the 
liquid state) solidify over a relatively long time span and a 
medium temperature range. Eutectic-type alloys whose 
constituents are present in proportions other than the 
eutectic composition have, as shown by curve C, a relatively 
large time-temperature range. The cast irons are repre- 
sentatives of this latter class. 

In each of the curves presented in figure 10-1, point a rep- 
resents the time and temperature of the metal at the moment 
the metal enters and fills the mold. The metal gives up heat 
to the mold and the temperature decreases rapidly. This 
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Figure 10—1.— Typical time-temperature curves. 


temperature decrease and the time involved while the metal 
is in a liquid state is represented by that part of the curve 
from ato b. Note that in each time-temperature curve the 
portion from a to b is steep, indicating that the rate of cool- 
ing is rapid. Note also that the rate is fairly constant. 

At point b, the metal begins to solidify. Between b and с 
part of the mass is liquid and part of the mass is solidified. 
The proportion of liquid to solid changes constantly with 
time until finally at point c ths entire mass is in the solid 
state. The temperature represented by point b is known as 
the Liquipus, or that temperature above which the entire 
mass is molten. The temperature represented by point c is 
called the воглров, or that temperature below which the en- 
tire mass is in the solid state. 

Between the temperatures represented by points 5 and c, 
the rate of heat loss is radically different from that above the 


liquidus or below the solidus. This radical difference in cool- 
ing rate is а result of latent heat of fusion evolved during 
the change of state. That is, when the metal changes from a 
liquid consisting of atoms and molecules moving rapidly in 
random directions, to a solid whose atoms are moving slowly 
(vibrating) in characteristic geometric patterns, the differ- 
ence in the rate of motion results in the mass giving off heat. 

Hear OF FUSION is the primary source of heat evolved dur- 
ing solidification. The rate at which this heat is liberated 
is proportional to the amount of metal solidifying at any 
given instant. In a pure metal, the latent heat of fusion 
evolved is sufficient to prevent а decrease in the temperature 
of the mass until the entire mass has completed the change 
of state. Consequently, time passes but temperature does 
not decrease. As shown by the curves for solid solution and 
eutectic-type alloys not having the eutectic composition, there 
is а temperature decrease with time during solidification, but 
because of the latent heat evolved the temperature decrease 
rate is slow and frequently irregular. 

In terms of time and temperature, the behavior of metallic 
alloys varies widely during solidification. Except for pure 
metals and eutectic alloys, solidification occurs through a 
range of temperature as indicated by the horizontal gray 
areas on the time temperature cooling curves shown in figure 
10-1. That portion of the curve below the solidus (from c 
to d) represents cooling to room temperature in the solid 
state. Since all latent heat of fusion has been given up, cool- 
ing below the solidus proceeds at a normal rate. 

From the moment metal leaves the furnace until it becomes 
& room temperature solid, it is constantly giving up heat. 
If solidification is to progress, this heat must be transferred 
from the metal to its surroundings. The rate at which the 
total amount of heat liberated by the mass is transferred to 
its surroundings and dissipated regulates the rate of solidifi- 
cation. Thus, the faster heat is transferred from the metal 
to the mold and carried away, the more rapid the solidifica- 
tion rate. 

A sand mold absorbs heat in two ways. First, the mold- 


ing material adjacent to the metal is heated to a temperature 
approaching that of the metal. A portion of this heat is 
expended in the volatilization of water, binder, core oil, and 
other materials incorporated in the molding and core sand 
mixtures. А second way in which the mold material func- 
tions in heat transfer is by conducting heat away from the 
mold-casting interface. Since sand is a poor heat conductor, 
this phase of the heat transfer process in the mold is slow. 
Mold parts are heated in proportion to the amount of molten 
metal passing over them. As long as metal is moving over 
& mold surface, solidification cannot progress in that portion 
because the sand in the mold is unable to absorb and carry 
away heat as quickly as it is given off by the metal. 

The temperature within a casting is not uniform through- 
out. Heat at the interior is transferred and dissipated at 
& slower rate than that near the mold wall. At the center, 
heat must travel first through hot semiliquid metal, then 
through the solidified metal skin, and finally through the 
heated sand surrounding the mold cavity. If we were to 
record simultaneously the temperatures at intermittent in- 
tervals from the flask through the mold to the center of the 
casting, we would find that progressively higher tempera- 
tures exist as the casting interior is approached. Differences 
in temperature within the mold have an influence on solidifi- 
cation, but not so importantly as similar temperature dif- 
ferences within the casting. 

Temperature differentials existing within the casting are 
frequently referred to as the TEMPERATURE GRADIENT. Spe- 
cifically, the term refers to the rate of change of temperature 
in the direction of its maximum in а given direction. As- 
suming a suitable design, the temperature gradient developed 
in а casting is related to the pouring rate, the rise of metal 
in the mold per second, and the heat conductivity of the mold. 
In a bottom gated casting, a slow pouring rate and the 
resultant slower rise of metal in the mold result in a less 
favorable gradient than a fast pouring rate. The opposite 
is true in a top gated casting. Here a slow pouring rate 
usually gives & better temperature gradient. The type of 
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gradient developed within the casting determines the course 
of solidification. The gradient within the casting and risers 
also determines the feeding conditions during the critical 
final stages of solidification. 

The curves in figure 10-2 show the difference in the tem- 
perature gradients established by fast (curve A) and slow 
(curve B) pouring rates. The cross-sectional view in the 
same illustration shows the type of casting within which the 
gradients were established. Since the casting was bottom 
gated and top risered, the gradient is unfavorable with either 
fast or slow pouring. Here the hottest metal is at the bottom 
of the mold with the coolest metal at the top in the riser. 
Nevertheless, the curves show that the temperature differ- 
ential with slow pouring is approximately 200? F, while 
with fast pouring the temperature differential is considerably 
less. 


3000?F 2950°F 2900°F 2850?F 2800°F | 
TOP OF CASTING 


Á 


BOTTOM OF CASTING 
3000?F 2950°F 2900°F 28650°F 2800°F 





A — FAST 8— SLOW 
POURING POURING 
Figure 10—2.—Temperature gradients developed within a casting by different 
pouring rates. 


While а metal is cooling from a liquid to a solid it de- 
creases in volume. The total amount of shrinkage occurring 
depends upon the as-cast temperature of the metal. The total 
volume decrease is thought to occur in three distinct phases: 
liquid shrinkage, solidification shrinkage, and solid contrac- 
tion. Volume decrease occurring while the metal is molten is 


of academic interest to the foundryman since it does not pose 
& serious problem in the production of a casting. Volume 
decrease after solidification, as discussed in chapter 4, is 
a problem for the Patternmaker when he develops the pattern. 
Volume decrease or shrinkage during the liquid-solid phase of 
cooling is of crucial importance for the foundryman. This 
shrinkage must be fed or defects may develop. 

Common shrink defects as shown in figure 10-3 are (А) 


A-GENERAL POROSITY B- CENTERLINE 


C-COPE DRAW D-RE-ENTRANT 





Adapted from О. Е. Walton, “The Principles of 
Risering,” Foundry, Feb. 1952, Penton Pub- 
lishing Co. 


Figure 10—3.—Typical shrink defects. 


316 


general internal porosity, (B) center line shrinkage, (C) cope 
draw shrinkage, and (D) localized shrinkage at а re-entrant 
angle. General internal porosity may result from inter- 
and/or intra-dendritic shrinkage which has not been proper- 
ly fed. Center line shrinkage is typical of solid solution al- 
loys like steel. It occurs in these alloys because the initial 
skin formed has sufficient strength to resist the force of atmos- 
pheric pressure tending to push in the sides while a partial 
vacuum exists within the casting. Cope draw shrinkage is 
typical of eutectic alloys. This kind of shrinkage results 
when center line shrinkage starts to develop but the soft 
mushy condition of the material is not capable of resisting at- 
mospheric pressure on the walls or supporting the internal 
void. Consequently, the cope wall of the casting collapses. 
Shrinkage at a re-entrant angle stems from delayed solidifi- 
cation caused by a hot spot created in thesand. When solidi- 
fication does occur, feed metal is not available to compensate 
for solidification shrinkage. 

Successful feeding is necessary to avoid shrink defects. 
This is accomplished through the application of the physical 
laws governing the solidification of adjoining sections of 
metal. Important factors in shrinkage and feeding are the 
relationship between volume and surface area, time and 
temperature, the transfer of heat, and the provision of an 
adequate system to feed the casting. 


Dendritic Theory of Solidification 


We have said that when the temperature of molten metal 
decreases below the liquidus, solidification begins with some 
atoms arranging themselves into characteristic geometric 
patterns. The type of cell unit formed by the atoms depends 
on the metal or alloy. The basic unit may be any one of 14 
known 3-dimensional patterns. Of these, the body-centered 
cubic consisting of 9 atoms, the face-centered cubic made up 
of 14 atoms, and the close-packed hexagonal containing 17 
atoms are the most common. These units in turn form nuclei 
of primary crystals called DENDRITES, a term designating a 
crystal characterized by a tree-like pattern composed of 
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many branches. Nuclei of dendrites do not form simultane- 
ously in all parts of the molten liquid. They form inter- 
mittently and subsequently grow as the metal's temperature 
declines below the liquidus. Nuclei formation and dendrite 
growth continue until the metal freezes. With freezing, the 
process stops. 

The size and number of dendrites formed depend upon the 
rate of solidification. Where rapid solidification occurs, a 
great number of nuclei appear. Since the interval during 
which solidification occurs is short, the dendrites are small. 
On the other hand, fewer nuclei form when the solidification 
rate is slow, but the resulting dendrites continue to grow, 
producing large grains. As the mold warms up, the solidi- 
fication rate decreases. Consequently, nuclei formation and 
dendrite growth vary from one part of the casting to 
another. 

An idealized sketch of а dendrite and the mechanism of its 
growth is presented in figure 10-4 A. Solidification begins 
in the center of the 3-dimensional structure and proceeds in 
straight lines along the 3 main axes. At regular intervals 





Adapted from О. L. Frear, “Solidification Mech- 
anism of Tin Bronees,” Foundry, Apr. 1948, 
and “Effects of Gases on Tin Bronzes," Foun- 
dry, Nov. 1948, Penton Publishing Co. 


Figure 10—4.—Mechanism of dendrite growth. 


along each primary axis, secondary axes develop at right 
angles to the primaries. In a similar fashion tertiary axes 
develop from the secondaries. The entire process is like that 
of branches and twigs growing on a tree. While the branches 
are forming, a distinct cellular structure builds up at ap- 
proximately the same rate as growth along the axes. À 
membraneous wall grows between the axes with growth pro- 
ceeding from the axes as diagrammed at B, figure 10-4. In 
this way the cells fill with metal which subsequently freezes. 

Dendrite growth is seldom normal. Interference during 
growth is the rule. As soon as an axis contacts another den- 
drite, growth in that direction stops. Currents within the 
mass may cause axes to grow more rapidly in one direction 
than &nother, or the current may break off а portion of а 
dendrite. Because of interference, & dendrite's growth is 
restricted in one or more directions. At the mold wall, for 
example, growth can proceed only toward the interior of the 
mold cavity. At the interior, growth is haphazard in all 
directions. Where many nuclei form and dendrites grow 
close together, there is little opportunity for growth to pro- 
ceed at right angles to the main axis. 

The characteristic dendrite developed is influenced by the 
alloy as well as the existing conditions. In some metals the 
dendrite tends to grow faster in one direction than another, 
each axis having а different growth rate. Some metals 
throw out branches at а rapid rate, while others do so more 
slowly. Further, some metals fill and solidify between the 
branches as fast as they grow; in others, the cells fill and 
solidify more slowly. 

The tendency for metals to crystallize with a cellular 
Structure is thought to be the cause of general internal 
porosity. Assume two castings having the same size and 
poured from the same heat. If one casting is sound and the 
other is porous, there is a measurable difference in their den- 
sities. This difference probably results from interdendritic 
shrinkage, that is, shrinkage within the dendrite itself which 
results in void spaces between the cells of the structure. 

The mechanism of interdendritic shrinkage is somewhat 
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as follows: with continued dendrite growth, a series of cubi- 
cal celle fills with metal. Once the six walls of a cell are 
completely formed, further filling of that cell is cut off. 
After freezing, the completely filled cell occupies less space 
because of shrinkage. Thus, a small void exists. If each 
cell in the dendrite solidifies in the same way, the dendrite 
will contain a network of small voids. If each primary crys- 
tal solidifies in а similar fashion, the casting will be inter- 
spersed with countless microscopic voids. 

If the tips of adjoining dendrites grow together, the con- 
dition may be aggravated. The membranous wall that forms 
may provide a barrier preventing molten metal from reach- 
ing partially filled cells beyond. Cells denied sufficient metal 
for complete filling or feeding to compensate for normal 
solidification shrinkage contain voids of considerable size. 

Microscopic voids lying between the branches within a 
dendrite or between dendrites are one cause of porosity (gas 
absorption from an improper melting procedure is another). 
This type of porosity is usually limited to interior portions 
of the casting where dendrite growth is haphazard. In a 
tin bronze, this kind of porosity is revealed by examining a 
fractured surface with a low power microscope. Ifthe fresh 
fracture has a yellow-gray color with a blue tinge, and a 
fine granular appearance with no trace of dendrites, the 
casting is probably not porous due to interdendritic shrink- 
age. On the other hand, if the surface is a discolored lemon- 
yellow through shades of orange, red, brown, and blue with 
distinct dendrites apparent under a low power microscope, 
the casting is probably defective. 

Interdendritic shrink voids can be eliminated by prevent- 
ing excessive dendrite branching and by breaking up the 
formation of membranous cell walls which establish a bar- 
rier between an incompletely filled cell and the source of 
molten feed metal. Dendrite branches break readily where 
there is sufficient metal flow. Molten metal flows where there 
is a pressure differential. 

Properly melted metal having a low dissolved gas content 
tends to form a vacuum within the metal in the mold. If 


atmospheric pressure is free to act on the metal in the mold 
cavity during solidification, metal will flow under pressure to 
those sections where the vacuum tends to develop. This flow 
under pressure is sufficient to break the branches of dendrites 
and to rupture cell walls between the source of pressure and 
the vacuum voids. Interdendrite shrinkage is avoided by 
ensuring that the casting interior is open to atmospheric 
pressure throughout solidification. The inflow of metal 
to the low pressure area provides molten metal to compen- 
sate for volume reductions occurring with solidification. 

A defect resulting from interdendritic shrinkage is only one 
of several kinds of shrink defects (see fig. 10-3). Yet the 
probability exists that if general internal porosity is avoided, 
other types of shrink defects will also be eliminated. The 
basic principle involved is the provision of a system of gates 
and risers that remain open to the atmosphere throughout 
solidification. 

Directional Solidiflcation 


Directional solidification consists of obtaining suitable tem- 
perature differentials within the solidifying casting so that 
metal in the mold cavity farthest from the point of entry 
Íreezes first, with freezing progressing toward the hottest 
point. As each section of the casting freezes, it must be 
supplied with liquid metal from some other source. During 
the early stages of solidification, this source is within the cast- 
ing itself. The last portion to solidify, however, requires an 
external source of supply. When a supply of feed metal is 
not available, a shrink void develops. 

Producing a casting free from shrink defects is a problem 
of properly timing the feeding of every part of the casting 
during solidification. This means that the foundryman must 
visualize the manner in which freezing will progress within 
a given casting, if he hopes to control solidification. Satis- 
factory visualization is related to many of the factors dis- 
cussed thus far. For example, the rate of solidification de- 
pends on the relative cross-sectional areas of the masses in- 
volved and the capacity of the material in contact with the 
molten metal to absorb the heat evolved. Solidification rates 
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of various parts of the casting control the position in which 
it is placed in the mold. 

The most rapid solidification rate occurs at the end of the 
casting; the slowest rate occurs at the hottest part. 'The 
larger the cross section of the mass, the more time required 
for solidification. Since most castings consist of relatively 
heavy and light sections, the design of the casting has an 
important influence on the thermal gradients established 
and the rate and direction of solidification that ensues. Prop- 
erly designed castings lend themselves to directional solidifi- 
cation. Principles for designing castings to ensure direc- 
tional solidification were discussed in chapter 4. 

To illustrate directional solidification, imagine a cylin- 
drical tapered section cast big end up and top poured. If the 
pouring temperature and pouring rate is correct, the first 
metal entering the mold begins to solidify immediately with 
only a few inches of molten metal.above it. This shallow re- 
servoir of metal aided by atmospheric pressure provides com- 
plete feeding between the dendrites of solidifying metal 
below. As the mold fills, solidification and feeding from 
above continue in a similar fashion. The rate of solidifica- 
tion decreases in the upper portions because of the larger 
cross section. Consequently, at the bottom of the mold where 
solidification proceeded more rapidly the metal has a com- 
paratively fine grain structure. Grain size gradually be- 
comes larger at successively higher levels. Coarse grains 
exist at the top where cooling was slowest. Though there is 
a difference in grain size, the casting feeds to soundness when 
directional solidification prevails. 

The function of a casting may make it impossible to design 
the part to provide progressive solidification as perfectly as 
desired. Frequently, techniques other than design are re- 
quired to obtain a sound casting. These techniques involve 
the use of internal and external chills, padding, mold manip- 
ulation, and the use of proper systems of gates and risers. 
The remainder of this chapter deals with these methods for 
producing sound castings. 
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GATING 


Typical gating systems were discussed and illustrated in 
Molder 3 & 2. Here we will elaborate on the function of 
gates; the relationship between sprue, runner, and gate; the 
relationship between pressure, metal flow, and the size and 
number of gates; and some general precautions regarding 
the use of gates with various alloys. 

As you know, a gate is part of the overall system through 
which molten metal is introduced into the mold. Specifically, 
it is that part of the system opening directly into the mold 
cavity. The ideal gate introduces a sufficient volume of meta] 
into the mold at а rate rapid enough to prevent cold shuts, 
but at the same time does not subject the mold face to undue 
pressure. In addition, it must help establish the desired tem- 
perature gradient. Further, the ability of various mold 
parts to absorb heat is influenced by the metal flow pattern 
established by the gating system. 

When gates are improperly designed or incorrectly lo- 
cated, they interfere with rather than aid directional solidi- 
fication. Аз a rule, gating systems are designed to deliver 
metal to smaller sections of the casting first. When this is 
done, the metal cools somewhat before it reaches the heavy 
section. As metal flows progressively through the thin sec- 
tion, it gives up heat to the sand. Consequently, the coolest 
metal is in the heaviest section where the sand still has maxi- 
mum capacity to absorb heat. At the same time, the thinnest 
section contains the hottest metal with the hottest mold face 
near the gate. The solidification rate of the heavy section 
is accelerated while that in the light section is delayed because 
the sand's capacity to absorb heat from that portion has 
been modified by the flow pattern. 

In addition to the temperature gradient established, the 
smooth, uniform introduction of liquid metal into the mold 
is of primary importance to casting quality. Metal flowing 
from gates should meet no obstructions. Interference with 
flow produces turbulence which results in mold and core 
erosion. The probability of producing a clean casting in- 


creases with the distance metal flows from a gate without 
meeting an obstruction. But turbulence within а mold may 
occur without obstructions to metal flow. This may occur 
when all gates within the system are not introducing a 
uniform volume of metal into the mold. For example, when 
only a few gates of a multiple-gate system are functioning at 
capacity, turbulence results because some gates introduce 
meta] at greater velocities than others. 

Under static conditions, that is, when the liquid is com- 
pletely at rest, pressure at any point within a contained 
liquid is proportional to the height of the column of liquid 
above that point. If static conditions prevailed during the 
pouring operation, the pressure per square inch at gates hav- 
ing the same relative position in the mold would be equal. 
Each gate would introduce metal uniformly into the mold 
cavity. For example, if all gates were plugged and then, 
after the sprue and runner were completely filled, the plugs 
were simultaneously removed while pouring continued, equal 
pressure and uniform flow from all gates would occur. 

Obviously, such a procedure is impractical. While the 
mold is being poured, the static pressure concept discussed 
in chapter 6 does not apply. Since the liquid is in motion, 
it has momentum and velocity, factors which do not exist 
when the fluid is at rest. Asa consequence of these and other 
factors, including surface tension, free flowing metal does 
not necessarily enter all channels in the gating system uni- 
formly. More frequently than not, the metal tends to con- 
tinue along straight line paths, ignoring side channel open- 
ings. This tendency may be overcome by constructing a 
choked gating system which develops a slight but equalized 
pressure throughout the system, forcing all gates to function 
uniformly. 

A choked system amounts to designing gates that cannot 
deliver as much metal as the runner and sprue can provide. 
When this condition exists and is properly balanced, a uni- 
form flow from all openings results, regardless of their num- 
ber or position. Essentially, a choked gating system is one 
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in which the total cross-sectional area of the gates is slightly 
less than that of the runner or sprue. If the area ratio of the 
sprue to runner or sprue to gates in the direction of flow is 
equal to one or less than one a choked system exists. Only a 
slight general pressure is necessary to obtain the desired ef- 
fect. Avoid excessive pressure, for it results in a jet effect 
which may damage the mold or create turbulence. 

When uniform pressures exist, metal passing through a 
given gate and entering the mold normally flows under а 
pressure proportional to the difference between the metal 
level in the mold cavity and the top of the sprue. The veloc- 
ity of flow through the gate is proportional to the cross-sec- 
tional area of the gate and the fluid pressure exerted at that 
point; the direction of flow is away from the highest fluid 
level. 

The volume of metal carried by the sprue or vertical chan- 

nel through the cope must be adequate to supply the rest of 
the gating system. In turn, the runner or passage on the 
mold joint line must be large enough to maintain a constant 
supply to all gates. Contrary to common belief, however, 
increasing the diameter of the sprue (or riser) over that actu- 
ally required, does not result in forcing more metal into Ше 
mold. The difference between the height of the sprue and the 
level of liquid in the mold determines the pressure tending 
to force metal into the mold cavity. For a gate of а given 
size, the greater the pressure, the greater the velocity of flow 
through the gate. 
. Assuming that the cross section of the gate is known, it 
is good practice to make the cross section of the sprue from 
25 to 50 percent larger than the total cross section of the 
gates. When a runner is inclined in the system its cross- 
sectional area should be slightly smaller than that of the 
sprue and slightly larger than that of the gates. An oval 
cross section with the height approximately 3 times that of 
the width is frequently used in runner design. A design of 
this sort helps trap dross and oxide in the upper part of the 
runner. 

From the discussion thus far, it is apparent that the size 
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of the gate is the key to determining the cross-sectional areas 
of the rest of the gating system. The cross-sectional area 
of the gate must be large enough to fill the mold rapidly. 
In no case, however, should the gate’s cross-sectional area 
exceed that of the casting. If the gate is larger in cross sec- 
tion than the casting, it may tear the casting during solidifi- 
cation. On the other hand, a gate must not be so small that 
it freezes prematurely or introduces metal with a jet-like 
nozzle effect. 

A number of attempts have been made to devise a tech- 
nique to supplement common sense foundry practice when 
determining gate sizes. Since so many variables must be 
taken into account, none of these methods have been very 
successful. The following method, which assumes that the 
metal poured as well as the mold surface areas have uniform 
temperatures, may be used as a guide. It should be remem- 
bered, however, that experience is probably the best guide. 
The method involves the volume to surface area ratio, some- 
times referred to as the cooling factor. This ratio, as was 
said earlier, is an index to the relative cooling rate of a mass 
of metal and thus to the rate of solidification. To ensure 
that a gate remains open and contains liquid metal until the 
casting has completely solidified, the cooling factor ratio of 
the gate must be equal to that of the casting. The first step, 
then, is to determine the cooling factor of the casting by 
dividing the volume by the surface area. Then select dimen- 
sions for the gate that will give an equivalent cooling factor 
ratio. 

Another way to establish the cooling factor ratio is by di- 
viding the area of the cross section by the perimeter or cir- 
cumference of the cross section. The cooling factor amounts 


to the area of the circle (Җ- — ) divided by the circumference 


(xD). When these factors are combined and reduced to their 
simplest terms we derive the formula 


= 
D 
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While volume divided by surface area is the most convenient 
way to establish the cooling factor ratio (CF) of a casting, 
the foregoing formula is more convenient for determining 
the size of the gate. For the sake of illustration, assume that 
the cooling factor for а given casting is 0.3. Substituting 
this value in the formula and solving for D, the diameter 
of the desired gate should be approximately 1.2 inches. While 
this method of determining gate size is far from perfect, 
it is better than no guide at all. 


A multiple gating system usually produces better results 
than а system having only one gate. The number of gates 
to use for а particular casting is related to the size of the 
casting and the desired rate of filling the mold. Неге again, 
no specific rule can be given. Rapid filling of the mold is 
usually desirable. Multiple gates serve this purpose and 
also function to distribute and reduce hot spots. While not 
applicable to all situations, the information given in the 
following table indicates the number of gates to use for a 
casting of a given diameter. Good judgment is always es- 
sential when selecting the number and size of gates. 


. Diameter 0f casting Number of gates 
2 
12^ 10. 18 7 8 
18 10-24 Locus touc аан enc eS E e 4 
24 to 30'' FATO TENER ERE E ys RS HON 5 
30'" to 40)”, OPEN 8 Besa 6 


No one kind of gate or gating system is suitable for all 
purposes. Each of the various types has advantages and dis- 
advantages. Thus, the design of the casting and the alloy 
involved must be considered. Bottom gates, for example, 
are most advantageous for bronzes and drossing alloys be- 
cause they introduce metal quietly with little turbulent metal 
flow. Another advantage is that bottom gating minimizes 
mold and core erosion, and reduces the possibility of en- 
trapped air. These advantages, however, are somewhat off- 
set by the fact that bottom gating establishes an unfavorable 
temperature gradient; that is, the hottest metal is at the 
bottom of the mold and the coolest metal is in the riser. A 
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fast pouring rate minimizes the temperature differential, 
reducing its adverse effect on solidification and permitting 
the advantages of bottom gating to be realized. The most 
common design for а bottom gate is that of а horn. To 
avoid a spraying effect, place the large end of the horn next 
to the mold cavity. Be sure to observe this rule when pro- 
ducing manganese bronze castings. 

Top gates have the advantage of producing the most de- 
sirable temperature gradient within the casting. Under nor- 
mal shipboard conditions their use, however, is limited to 
molds that can withstand erosion and to nondrossing alloys. 
The latter factor eliminates using top gates in molds in- 
tended to produce most nonferrous castings. Ferrous cast- 
ings having a simple design are successfully produced with 
top gating systems. Here though, strainer cores or pencil 
gates are usually incorporated into the system. 

The basic idea of the pencil gate or strainer core is to 
break up the stream of metal and introduce it to the mold 
through many small openings. They are usually employed 
in clusters, each opening having a circular cross section ap- 
proximately 14 inch in diameter. Pencil gates are most use- 
ful when a relatively large volume of metal must be intro- 
duced rapidly into a thin casting. 

Parting line gates are most frequently applied in job foun- 
dries because they are the easiest and most convenient to 
construct. The temperature gradient established when these 
gates are used is much more favorable than that of bottom 
gating. When properly employed, these gates produce 
gradients as perfect as those in top gating. Mold erosion 
may be a problem if the cope is deep, or if the drop from 
the gate to the bottom of the mold is excessive. However, 
with correct sand practice and sand control, erosion due to 
metal dropping should not be a problem. Much of the dis- 
advantage of bottom and parting line gates may be mini- 
mized by gating into a riser rather than into the mold proper. 

Typical gating system designs are discussed and illus- 
trated іп Molder 3 & 2 (see figs. 7—3, 7-4, and 7-5). No one 
system is satisfactory for all cases. Frequently, a combina- 
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tion of gates is necessary to introduce metal to the mold 
cavity in the most desirable manner. When planning a gat- 
ing system, it is important to remember that the alloy being 
poured must be considered. With brass, bronze, and other 
drossing alloys, avoiding turbulence is essential. 'The best 
thing to do with these alloys is to concentrate on keeping 
dirt and dross from entering the mold. Bottom gates gated 
through a riser or а whirl included in the design of parting 
line gates are frequently used to trap dirt and dross. On the 
other hand, any system suitable to the design of the casting 
and the ability of the mold to withstand erosion is suitable 
with ferrous alloys. 


RISERING 


When an adequate supply of feed metal is not available 
to compensate for volume decreases during solidification, a 
shrink defect results. Since solidification occurs at varying 
rates along the casting, those portions solidifying first are 
fed from sources of molten metal within the casting itself; 
the last portions to solidify must be fed by sources outside 
the casting. А riser's principle function is to serve as an 
outside source of molten feed metal. То be effective, how- 
ever, the reservoir of feed metal must be strategically posi- 
tioned. А riser attached to a portion of the casting that 
solidifies first serves no useful purpose. Further, a riser 
placed for convenience is seldom satisfactory. Unless prop- 
erly applied, risers may cause rather than prevent defects. 

Just as there is no simple solution to the problem of gat- 
ing, neither is there a simple approach to risering. The suc- 
cessful application of risers requires familiarity with the 
principles of solidification and feeding. It also requires an 
ability to determine which areas need to be fed. Once these 
areas have been isolated, the problem reduces itself to de- 
signing risers that will supply the section. At the same time, 
the foundryman must consider the alloy involved and the 
methods for keeping the riser open (that is, prevent prema- 
ture freezing) until the area it serves solidifies. 


Although our main interest in risers is their function as 
sources of feed metal, they serve other purposes as well. 
Briefly, risers also serve to vent the mold cavity, minimize 
ram effect, flow off cold metal, and indicate when the mold 
is full. By observing the riser, the molder can estimate the 
extent to which the mold has been filled. When pouring 
cast iron, for example, only а thin wisp of smoke escapes 
from the riser during the early stages of pouring. The vol- 
ume and velocity of smoke increases as the mold fills. Fre- 
quently, flame as well as smoke is present. At the instant 
metal enters the riser, smoking and flaming cease or decrease 
sharply, indicating that the time to stop pouring is near 
at hand. Thus, the venting function of the riser may be used 
as an indicator of the progress in filling the mold. 

In approaching the problem of risering we will consider 
first the manner in which а riser aids in feeding a casting 
to soundness. Following this we will take up riser design, 
the kinds of risers, and finally, techniques frequently em- 
ployed to make risers more effective. Although risers are 
being considered as if they were separate entities, remember 
that they are merely one part of a system that includes the 
sprue, runner, gates, and mold cavity as well as the risers. 
The entire system is interrelated ; each part must contribute 
its share to the production of a sound casting. 


Feeding With Risers 


When a riser is properly positioned, the first metal poured 
is farthest from the riser while the last metal poured remains 
hot in the riser and adjacent parts of the casting. Under 
these conditions, solidification occurs first at a point farthest 
from the riser and progresses toward the riser. If an ade- 
quate supply of molten metal is available, if the channel 
between riser and casting is open, and if natural forces are 
free to act, feed metal first moves lengthwise along the cast- 
ing section, then laterally through interdendritic channels 
in the direction of the mold wall. 'The distance that a riser 
feeds depends on the thermal gradient established and the 
geometry or shape of the casting. 
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Investigations on the solidification of steel and the ef- 
fectiveness of risers, conducted at the Naval Research Labora- 
tory, show that the shape of the cast section influences the 
distance to which effective feeding occurs. For a plate sec- 
tion up to 4 inches in thickness (T) feeding to soundness oc- 
curs to a distance of 414 times the casting thickness. 
The riser feeding radius for а bar section is considerably 
less. 

In a plate section the 4% T relationship between section 
thickness and feeding distance is constant. This is not the 
case in a bar section. Here the multiplier of T used to de- 
termine effective feeding distance varies with section thick- 
ness; the multiplier decreases as thickness (T) increases. À 
- 2'^ X2” section can be fed a distance of 4T ; a 4'' X4'' sec- 
tion, ЗТ; a 6” X6” section, 215 T ; and an 8’’ X8”’ section, 
2T. Another difference was also noted. Plate sections feed 
to soundness as long as any measurable temperature gradient 
exists. А bar section, on the other hand, feeds to complete 
soundness only when the existing temperature gradient equals 
or exceeds 60? F per inch. 

During the last stages of solidification, bar and plate sec- 
tions differ in an important respect; namely, the channel 
available for feed-metal flow. "This difference is illustrated 
in figure 10-5. In the plate section, longitudinal feeding oc- 
curs along a plate-like channel with lateral feeding required 
in only two directions. Longitudinal flow in a bar section 
takes place along a single rod-like channel with lateral feed- 
ing required in all directions of а 360? sector. Thus, а more 
pronounced temperature gradient is necessary to keep the 
feed channel of a bar section open. "These differences in the 
feeding of bar and plate sections have an important bearing 
on the spacing of risers. In plate sections, feeding from a 
riser occurs over a proportionately greater distance than in 
bar sections. Thus, more risers are required to feed a bar 
section than an equivalent plate section. The number of ris- 
ers required varies with the cross section of the bar. 


T wo forces are responsible for the movement of metal from 
the riser to the casting: gravity or liquid head pressure, and 
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Figure 10—5.—Channel conditions for feed-metal flow in plate and bar sections. 


atmospheric pressure. These forces may operate independ- 
ently, cooperatively, or in opposition to each other. They 
function to prevent the formation of the partial vacuum 
tending to develop in solidifying metal. Of the two forces, 
atmospheric pressure is more powerful and thus the more 
important in feeding. 

Gravity and atmospheric pressure work together to force 
metal into the casting when the riser is directly over the 
section it serves. When the riser and casting are on the 
same level, gravity is balanced out. Here, atmospheric 
pressure alone is operating to force metal into the casting. 
Where the casting is higher than the riser, atmospheric pres- 
sure must actually overcome gravity if feeding is to occur. 
This latter condition is usually the case in blind riser feeding 
in steel casting. However, with nonferrous metals, the top 
of the blind riser must be higher than the section being fed, 





otherwise you will get а suck-in. Since atmospheric pres- 
sure is such an important force in feeding, it is essential that 
the riser be kept open to the atmosphere while the casting is 

solidifying. | 

Once the surface of the riser has frozen over, head pres- 
sure or gravity is the only force acting to feed the casting. 
This force is not sufficient to cause liquid to flow between 
clusters of dendrites or break down the cellular structure. 
Consequently, even though feed metal flow due to gravity 
may serve to force some metal into the casting and thus pre- 
vent the formation of some voids, feeding to prevent inter- 
dendritic shrinkage ceases as soon as a continuous skin forms 
over the surface of the riser. In fact, in those instances 
where the relationship between the riser and the casting is 
such that gravity is balanced out or in opposition to the re- 
quired direction of feeding, the riser may draw metal from 
the casting. 

The riser is subject to the same laws that govern the solidi- 
fication of the casting. It, too, solidifies inwardly from the 
mold face as a gradually thickening envelope. Consequently, 
a comparatively small portion of the riser's total volume of 
metal is available to feed the casting. Thus, it is the volume 
of fluid metal held in reserve by the riser that is important, 
not the total volume of metal. Effective feeding requires an 
adequate volume of hot fluid metal flowing with sufficient 
force to penetrate the last contraction cavity within the 
riser's sphere of influence. In summary, metal in the riser 
must be hotter than that in the area it serves; the riser's 
solidification rate must be less rapid than that of the casting; 
and, finally, the riser must remain open to atmospheric pres- 
sure throughout solidification. Obtaining these conditions 
is a matter of design. 


Riser Design 


The number of risers, their location, attachment at contact 
area, size, and shape are governed by conditions imposed by 
the design of the casting. The ideal casting has the shape 
of an ingot and can be fed by a single top riser. Few such 
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casting designs are encountered in the foundry. As a rule 
there are several heavy, isolated sections where component 
mesnbers intersect. Each of these heavy sections must be 
fed by a riser or otherwise handled to prevent shrink defects. 

The first step in riser design, then, is to study the casting 
and determine which areas require feeding. Consider each 
heavy section as a system to be fed by centrally located risers. 
Bear in mind the feeding distance limitations imposed by the 
shape of the section. When the size of the section exceeds the 
distance a single riser can feed, it is necessary to employ two 
or more risers. In plate-like sections, simple adjoining areas 
fed by risers is all that is required; in bar-like sections, the 
riser feeding areas must overlap. Risers must be attached 
at points where shrinkage is likely to occur. 

When several risers are necessary, whether at the same or 
at different levels of the same casting, it is essential that each 
riser serves а definite zone. Аз the center of its particular 
system, the riser must establish a definite temperature gradi- 
ent so that solidification will progress from the outer portion 
of the section served toward the riser, with the riser itself 
being the last portion of the system to solidify. 

Riser size is governed by the size of the section it serves. 
Since shrinkage occurs as a percentage reduction in volume, 
the greater the volume of the section, the greater the supply 
of feed metal required. Thus, large sections require more 

The contact area of riser and casting must cover the area 
to be fed or be capable of supplying the metal needed to feed 
that portion of the casting to soundness. At the same time, 
the cross section of the riser body must be large enough to 
retain the required amount of feed metal in a molten condi- 
tion at the center. Further, the riser must be high enough to 
prevent final shrinkage from extending into the casting. 
However, as the riser increases in height, its cross section 
must also increase. This is necessary to maintain a relation- 
ship between volume and surface area that ensures a slow 
cooling rate and thus prevents premature freezing. 

Riser shape is just as important as the volume of metal 


it contains. From the standpoint of volume to surface area 
ratios (and thus the geometric shape that provides the slow- 
est cooling and solidification rate for a given volume), а 
sphere is the ideal shape for a riser. This is an impractical 
shape to apply in molding operations involving open risers. 
Consequently, a cylindrical shape is used for the main body 
of the riser. 


Shapes other than cylinders may be necessary at the point 
of attachment to the casting. Short neck cylindrical designs 
should be employed whenever possible. Square and rectan- 
gular shapes are inefficient for the body of a riser since their 
corners solidify rapidly. The effective parts of square and 
rectangular shapes is limited to the largest circle or ellipse 
that can be inscribed in their cross section. 

As a rule, risers having a height 114 times their diameter 
provide maximum feeding for a minimum amount of metal. 
Assuming that the correct diameter has been selected, riser 
heights exceeding the ratio cited are wasteful of metal in the 
sense that excess metal in the risers decreases the number of 
castings that can be poured from a given melt. On the other 
hand, if the riser is too short, the contained metal is insuffi- 
cient to compensate for volumetric shrinkage. The propor- 
tions of the riser have an important bearing on riser effective- 
ness. But the proportions in themselves are of little prac- 
tical use in the production of a sound casting unless the 
proper diameter and contact area have been selected. 

One way to determine the size of the riser involves (1) 
calculating the volumetric shrinkage that actually occurs 
within thé section to be fed, and (2) selecting dimensions 
that ensure the delivery of that volume of feed metal. At 
the same time, the riser dimensions selected must ensure a 
less rapid solidification rate than the section served. This 
means that the volume to surface area ratio of the riser must 
be greater than that of the section under consideration. The 
method assumes that the amount of liquid and liquid-solid 
shrinkage for the metal to be poured is known. This method 
is further complicated by the fact that shrinkage varies with 
the temperature of the metal. Finally, the volume to surface 


area ratio is at best an estimate of the cooling and solidifica- 
tion rate and is thus subject to error. 

A simpler and, in most instances, more practical procedure 
involves the use of imaginary spheres or inscribed circles 
as described in Molder 3 £ 2. Here a full size cross-sectional 
view of the section requiring feeding is prepared. The diam- 
eter of the largest circle that can be drawn in the section is 
taken to be the diameter of the area requiring feeding. Since 
isolated masses exist at the points of intersection of compo- 
nent members of the casting, the view drawn will usually 
have the form of an L, T, H, Y, or X. Once the size of 
the section requiring feeding is established, the next step is to 
determine the size of the riser contact area. This is equal 
to 114 times the diameter of the inscribed circle representing 
the area to be fed. For example, if the diameter of the 
inscribed circle at the intersection of the two members of 
the T is 1 inch, the diameter of the riser contact area is 
1% inches. Any riser contact area (neck) smaller than the 
inscribed circle will not feed а T section. The inscribed 
circle must be centered at the internal face of the casting 
where it joins the riser neck. 


Riser designs above the riser-casting contact area vary. 
Some foundrymen use a shape having a constant circular 
cross section throughout the height of the riser. Others 





Figure 10—6.—Examples of poor (A) and well designed (B) юр risers. 
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favor a tapered shape having a gradually increasing circu- 
lar cross section. The taper provided is approximately 
16 inch in 4 inches. Thus, if the diameter at the area of 
contact is 2 inches, the diameter 4 inches above this point 
is 3 inches. Since a long neck invites premature freezing 
the neck is made as short as possible. Feeding will take place 
only when the metal in the neck is liquid and the riser is 
open to the atmosphere. Figure 10-6 illustrates a poorly 
designed riser at А, and a well designed riser at B. 


Some casting sections can be fed by top risers; others, be- 
cause of their relative position within the casting, require 
risers attached to the side. Consequently, the neck portion, 
of a side riser differs from that of a top riser. The same 
procedure is followed to determine the size of the contact 
area. The neck, however, must swing through a 90? angle as 
shown at B, figure 10-7. Note that the neck is relatively 
short as compared with the incorrect design at А, and that 
the diameter of the cross section of the neck gradually in- 
creases from that at the contact area to the diameter at the 
riser's base. 


A frequent objection to risers having the neck designs 
recommended herein is that they increase riser removal and 
cleaning costs. This is not a valid objection since the pro- 
duction of а sound casting is more important than the extra 





Adapted from C. L. Frear, “Tin Bronze Castings,” 
Foundry, July 1950, Penton Publishing Co. 


Figure 10—7.— Incorrect (А) and correct (B) dosign for parting line side risers. 
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time required for riser removal. Further, modern methods 
of riser removal minimize the difficulty that may be 
encountered. 

In the event that riser removal is crucial, a riser necked 
down with a wafer core may be used. The core must be very 
thin 80 that it quickly heats to the metal temperature. Little 
is known about the ratios between neck diameter, core thick- 
ness, and riser diameter. Consequently, the foundryman 
using this technique must proceed cautiously. The use of 
wafer cores to neck down risers is limited to riser diameters 
exceeding 4 inches. 


Blind Risers 


Thus far we have been concerned with open risers; that 
is, risers that extend through the cope and are open to the 
atmosphere. Inaccessible parts of a casting do not lend 
themselves to feeding with open risers. ‘These sections must 
be fed by blind risers that do not cut through the cope sur- 
face. Like open risers, blind risers must contain an adequate 
supply of feed metal and must be kept open to the atmos- 
phere so that pressure can bear on the feed metal. 

Properly designed blind risers are more efficient than open 
risers. Under normal conditions, open risers seldom deliver 
more than 20 percent of their volume. Blind risers, on the 
other hand, deliver as high as 35 to 40 percent. Assuming 
the same feed demand, blind risers can be made considerably 
smaller than open risers. 

In addition to greater efficiency in the delivery of feed 
metal, blind risers lend themselves to bottom gating through 
the riser. Gating through the riser preheats the riser cavity, 
helps establish the proper temperature gradient, and ensures 
hot metal in the riser. Two other conditions contribute to 
the efficiency of blind risers. First, having a dome-like shape, 
a blind riser closely approaches a sphere. Second, a blind 
riser is completely surrounded by sand, a feature which elim- 
inates chilling through the radiation of heat to the air. 
These two features, plus gating through the riser permits the 
contained metal to stay hot longer. 


Feeding with a blind riser is analogous to the functioning 
of a mercury barometer. Аз you know, mercury in the barom- 
eter bulb responds to increases in atmospheric pressure by 
rising in the tube. Under average atmospheric pressure, 
mercury rises 30 inches in the vacuum tube. During solidifi- 
cation, the skin formed by the casting is similar to and acts 
something like the tube of a barometer. Assuming that the 
atmosphere has access to the molten metal in the riser, the 
pressure action forces the metal to а height inversely pro- 
portional to the density of the metal. If a true vacuum ex- 
isted in a casting, the height to which steel could be forced 
by a blind riser would be 52 inches. Since the density of non- 
ferrous metals (except the light metals like aluminum) is 
greater than that of steel or cast iron, the theoretical height 
is less, about 48 inches. For aluminum, the theoretical height 
is 150 inches. These theoretical feeding heights are never 
attained since а true vacuum never exists in even the best 
grade of steel. Some gas is always coming out of solution to 
fill the vacuum that tends to form. Further, to assume that 
à sound skin exists is impractical. | 

In blind riser feeding, the gate through which metal 
enters the riser from the sprue or runner is made relatively 
small. Shortly after pouring ceases, this small gate freezes, 
completing a closed system consisting of the blind riser and 
casting similar to the barometer bulb and vacuum tube men- 
tioned previously. Shrinkage within the casting is con- 
stantly tending to create а partial vacuum. Atmospheric 
pressure acting on the blind riser forces metal into the cast- 
ing relieving the partial vacuum. Thus, with proper direc- 
tional solidification and atmospheric pressure free to act, 
each successive amount of shrinkage is compensated by ad- 
ditional fluid metal from the riser. 

If a continuous skin forms over the blind riser, excluding 
atmospheric pressure, the system works in reverse; that is, 
the casting feeds the riser. Since the casting section is higher 
than the blind riser, gravity acts counter to the direction 
of desired feeding. But if the formation of a continuous 
skin is prevented, atmospheric pressure overcomes gravity 
and forces feed metal into the casting. 
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The need for keeping risers open to the atmosphere is dem- 
onstrated in figure 10-8. At B, shrink voids exist through- 
out the casting as well as in the blind riser. At C, the cast- 
ing is sound. The only apparent shrinkage exists at the top 





C - RISER KEPT OPEN TO ATMOSPHERE 


Figure 10-8.—Effects of atmospheric pressure on casting fed by blind risers. 


of the blind riser. The riser at C was kept open through 
the use of a round, dry sand core embedded in the sand at 
the top of the riser and projecting into the riser a distance 
approximately equal to the radius of the riser. 

The core is a simple rod-like shape made of strongly 
bonded oil sand reinforced with wire and usually vented 
through the center. А common technique provides а recess 
in the pattern for the riser so that the core may be rammed 
up with the mold. Risers up to 3 inches in diameter need 
36- or 14-inch diameter cores; risers between 3 and 6 inches 
in diameter require %- or 34-inch diameter cores. А simi- 
lar result can be obtained by cutting а V-groove across the 
top of the riser pattern so that а portion of sand is sur- 
rounded by metal in the riser. 

The purpose of the core or groove is to provide а per- 
meable path through which atmospheric pressure can act. 
The relatively small projection heats up rapidly, preventing 
the formation of a continuous skin which, іп turn, permits 
atmospheric pressure to act on the feed metal in the riser 
throughout solidification. 


Keeping the Riser Open 


An improperly functioning riser is worse than no riser 
at all. Proper riser design and the establishment of a suit- 
able temperature gradient are fundamental for satisfactory 
feeding. But the importance of having hot metal in the 
riser and keeping the riser open to the atmosphere cannot be 
overemphasized. 

Several techniques are used to supplement design and help 
ensure that the metal in the riser remains fluid long enough 
to feed the casting. A common procedure is to top-off open 
risers with hot metal by pouring directly into the riser after 
the mold proper is filled. While this may be of some value, 
it is not nearly so effective as a well designed system of gates 
and risers. Working the metal in the riser and riser neck 
with & churning rod is another common but almost useless 
practice. 
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An effective technique involves the construction of a flow- 
off or channel leading away from the top of the riser. With 
an open riser, the flow-off channel has the form of a trough 
cut in the top of the cope. When used with blind risers, it 
is а vertical, open riser-like channel cut through the cope. 
In either case, the flow-off receives metal that has been 
slightly chilled as it passes through the mold. At the same 
time that flow-off metal cools, it warms the sand around the . 
riser cavity. Consequently, both the sand around the riser 
and the metal finally contained by the riser are hot. The 
usual practice with flow-offs is to reduce the pouring rate 
as soon as the metal enters the flow-off channel. This allows 
the chilling action of the mold to progress while а small 
amount of metal is still passing through the casting. 

Prolonging the fluid life of metal in the riser may be ac- 
complished to some extent by forming the riser in a dry sand 
core. Since the baking process eliminates moisture and 
volatilizes binding materials, the capacity of the core to ab- 
sorb heat from the metal in the riser is considerably reduced. 
Consequently, heat transfer occurs more slowly when the riser 
is surrounded by a core than when surrounded by green sand. 
Less rapid heat transfer results in a slower solidification 
rate. Metal in the riser stays hot longer and may thus serve 
more efficiently as a source of feed metal. 

Special compounds have been developed by several manu- 
facturers to prevent the surface of open risers from skim- 
ming over, or to serve as insulators which retard heat loss. 
One group of these materials is commonly known as antipip- 
ing compounds. These compounds vary widely in composi- 
tion, depending in part upon the brand and in part on the 
kind of metal with which the material is to be used. They 
may be either exothermic or carbonaceous materials when 
used with steel. For nonferrous metals, however, avoid 
compounds containing thermit. They contaminate the riser 
metal with iron, making it unsuitable for use as remelt 
material in subsequent heats. 


Materials that give off heat in а chemical reaction are 
known as exothermic compounds. When molten metal comes 
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in contact with an exothermic compound a chemical reaction 
occurs between metal and oxidizing agents which produce 
sufficient heat to delay solidification. Unlike the reaction of 
normal thermits, exothermic compounds used in the foundry 
do not react violently. Since the compounds are made by 
admixing several materials and a refractory binder, a slow, 
controlled reaction is obtained for any desired period rang- 
ing from 15 minutes to several hours. When the exothermic 
reaction ends, the compound changes from a heat producing 
agent to a highly heat resistant refractory. As such, it serves 
to hold in the heat produced by the previous reaction. 

One type of material, Carbon Free Liquidizer, is used on 
the surface of the feed metal. Whilethe exothermic reaction 
is in progress, the metal at the top of the riser becomes hotter. 
At the conclusion of the reaction, a portion of the original 
material remains as an insulating cover over the riser surface. 
This cover protects the metal from the chilling effect of the 
air and prevents the formation of a continuous skin of metal 
over the top of the riser, effectively keeping the riser open 
to the atmosphere. 

Some exothermic materials like Soffel’s Thermatomic are 
available as dry powders which, when mixed with water, 
may be molded into any shape and baked as an ordinary 
sand core. These shapes may be used as the walls of risers, 
as core rods for blind risers, wafer cores in necked-down 
risers, or as a facing application in sections of the mold 
where delayed solidification is desired. 

A few of the exothermic compounds provide metal of the 
same composition as the casting as well as heat. While these 
compounds are satisfactory for steel and monel, they are not 
presently suitable for bronze. Compounds intended for use 
with bronze should consist of a blended mixture of carbon- 
aceous material and an oxidizing agent. This material burns 
slowly on the surface of the metal and evolves just enough 
heat to prevent the formation of a continuous surface skin. 

Still another method of prolonging the fluid life of metal 
in risers involves the use of insulating materials consisting 
of infusorial or diatomacious earth and mineral perlite (a 
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volcanic glass). These materials sufficiently retard heat loss 
to permit metal to remain molten longer. Like the exo- 
thermic compounds, the insulating materials may be used as 
loose material on the top of the riser or as special shapes 
rammed-up in the mold like а core. Materials like Sil-o- 
Cel (a diatomaceous earth and mineral perlite mixture) may 
be used as special molding sands where slower solidification 
is desired. 

Exothermic and insulating materials increase the efficiency 
of risers by ensuring that they remain open to atmospheric 
pressure. Since a greater percentage of the contained metal 
is delivered to the casting through the use of exothermic 
and insulating sleeves and covers, it is possible to make 
risers smaller than with green or regular core sand. No gen- 
eral rules can be given for the size of risers when these ma- 
terials are employed. The recommendations of the manu- 
facturer and experience with a particular compound must be 
used as a guide. Under any circumstances, though, the size 
of the raiser must be adequate to supply the feed require- 
ments of the casting. Further, it must be attached at the 
point requiring feeding. 


ADDITIONAL METHODS FOR OBTAINING SOUND CASTINGS 


Appropriate systems of gates and risers, patterns designed 
to promote directional solidification, and properly melted 
and poured metal usually ensure а sound casting.  Fre- 
quently it is possible to gate through open and blind risers 
and thus gain the advantage of bottom gating without the 
disadvantage of improper temperature gradients. Occa- 
sionally, the function of the casting requires а shape which 
violates the principles of design for directional solidifica- 
tion. Sometimes this difficulty can be overcome by padding 
as described in chapter 4. In other cases, it may be neces- 
sary to resort to mold manipulation or to the use of external 
or internal chills. 

Mold manipulation, as you may recall, was discussed and 
illustrated in Molder 3 & 2. Depending upon the circum- 
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stances, the position of the mold may vary only slightly, or 
it may be totally reversed from the position in which it was 
poured. Usually, 30? manipulations are sufficient. Pouring 
while the mold is tilted, with the gate at the lower end, per- 
mits a pool of metal to act as a seal between the filled and 
unfilled portions of the mold. This seal prevents the en- 
trance of air, even when the stream is irregular and inter- 
mittent and makes it easier for smoke and fumes to escape. 
In a tilted mold the metal spreads over the surface and fills 
the mold more gently than when the mold is flat. With 180? 
mold manipulations, it is possible to obtain the advantage of 
bottom gating during pouring and the advantage of top 
pouring and top risering during solidification. (See Molder 
2 & 2, figs. 10-7 and 10-8). 


Using Chills 


A chill is a device having high heat capacity and conduc- 
tivity characteristics. It is used in selected portions of the 
mold to increase the rate of solidification by rapidly absorb- 
ing heat from the molten metal. Chills are used advantage- 
ously to promote directional solidification in heavy sections 
where it is not feasible to apply risers. 

The effect of a chill is similar to reducing the volume of the 
mass involved. For example, assume two castings having 
the same initial temperature, the same surface area, and the 
same volume; one being completely surrounded by sand, the 
other by sand and strategically placed chills. Here, the cast- 
ing having chills solidifies more rapidly. In fact, through 
the use of chills, a casting of greater volume can be made to 
solidify before a casting having a smaller volume. 

With chills to accelerate solidification at some points and 
insulation to retard solidification at others, it is possible to 
even out section size and promote directional solidification. 
To do this, though, requires а thorough understanding of the 
principles of solidification, plus careful planning to deter- 
mine the positions at which to place chills and insulators. 

Chills may be used externally or internally. EXTERNAL 
CHILLS replace sand at some critical area. INTERNAL CHILLS 
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become a part of the casting. In the former instance, the 
melting point of the chill must be higher than that of the 
casting. This is necesasry to avoid fusion between the cast- 
ing and the chill. In the latter instance, the materials should 
be similar to those of the casting alloy. Here, fusion to the 
chill is most desirable. With either external or internal chills, 
size is important. 'Their mass must be great enough to en- 
sure the elimination of porosity in the immediate zone with- 
out transferring porosity to another part of the casting, but 
not so massive that they cause cracking. Cleanliness is man- 
datory in both instances. 

ExTERNAL CHILLS are rammed in and become a part of 
the mold wall. Consequently, one surface of the chill must 
accurately conform to the exterior of the casting. This sur- 
face must be smooth and clean. A rough surface interferes 
with normal contraction and may cause the casting to crack. 
The chill may be cast to shape or made from plates, bars, or 
rods. However produced, the edges require tapering to 
avoid drastic cooling at the edges of the chill. When the 
edges are not tapered, stresses develop within the casting 
which may cause it to crack. 

Аз а rule, satisfactory external chills have a cross-sectional 
thickness equal to that of the casting section being chilled. 
Chill thicknesses exceeding casting wall thicknesses do not 
appreciably increase the rate of solidification over that ob- 
tained when the thickness of both chill and casting are equal. 
In the event that a single chill serves the entire section requir- 
ing chilling, the area of contact between chill and casting 
should be equal to or slightly less than that of the casting 
section. Frequently, though, the section that cannot be ade- 
quately risered and thus requires chilling is such that a single 
chill does not suffice. These sections usually have the form 
of a T, L, V, Y, or X. Here it is necessary to apply chills in 
& staggered pattern as illustrated in figure 10-9. 

In addition to using external chills to promote directional 
solidification, they are also commonly employed in corners 
or other parts of the casting that tend to crack because of 
unequal contraction stresses. By placing chills in these 
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areas, the metal is more rapidly cooled, increasing the thick- 
ness and strength of the skin at the time contraction stresses 
normally cause hot tearing. 

In the area where a chill is applied, the first metal con- 
tacting the chill gives up its heat quickly. A thin solid 
layer of metal forms against the surface of the chill and the 
chill itself becomes warmer. With time the layer becomes 
thicker and the temperature differential between chill and 
casting decreases. Since the heat must pass through the 
chilled layer already formed, and since the heat absorbing 
capacity of the chill is reduced, solidification proceeds more 
slowly. When the temperature of the chill and the solidified 
casting skin equalize, the chilling action ceases and solidifi- 
cation proceeds as if the chill were no longer present. As- 
suming proper design, an external chill never attains the 
melting point of the metal. Fusion between chill and cast- 
ing does not occur unless the thickness of the mass of molten 
metal greatly exceeds the thickness of the chill. 
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Figure 10-9. — The application of external chills. 
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Internal chills are more difficult to apply than external 
chills. When internal chills are used their composition must 
be similar to that of the casting. Further, their surfaces 
must be clean and dry. Eliminate oxide films, grease, oil, 
paint, mold wash, finger marks, and moisture from the sur- 
face of the chills. If any of these are present gas will form 
when the molten metal surrounds the chill. Gas formation 
interferes with fusion between the casting and the chill and 
may result in other defects. 

The size and shape of internal chills are important. Chills 
that are too large may cause the casting to crack ; if too small, 
they serve no useful purpose. Аз an aid to fusion, the chill 
should have a streamlined shape. Some slight metal flow 
past the chill may be helpful, but a chill placed near an 
ingate is likely to melt too quickly to be of any value in 
cooling the section. 

The most popular use for internal chills is in bosses where 
the chill may be completely removed in а subsequent machin- 
ing and drilling operation. If chills are to be removed by 
drilling, and the hole tapped and plugged, use square, hexag- 
onal, or octagonal chills. Round chills are difficult to remove 
since they are likely to break loose and turn with the drill. 
In any case, the chill diameter should be smaller than the 
hole to be drilled. 

In green sand molds, do not place internal chills until 
just before the mold is closed prior to pouring. If for any 
reason the mold cannot be poured immediately, disassemble 
the mold, remove the chills and keep them dry until pouring 
can be accomplished. If the mold is to be oven dried, do not 
include the chills. Fumes and moisture given off during 
drying adversely affect chill surfaces. 

. Avoid the use of internal chills in pressure tight sections 
or in castings required to pass radiographic inspection and 
magnetic powder testing. Even on the ordinary job, the 
use of internal chills requires an expert, and he's not always 
successful. A big difficulty is cracks emanating from the 
chill. Before pouring starts, the chills are cold. Metal 
solidifying around them is contracting while the chill itself 
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is getting hot and expanding. Аз а result the chilled layer 
of metal cracks. In short, since so many variables must be 
controlled (chill composition, metal analysis, location, metal 
temperature, rate of pouring, chill surface, type of mold, 
etc.) internal chills should be used only in exceptional cases. 


SUMMARY 


In this chapter, attention is focused on the problem of 
feeding a casting to complete soundness. Approaching this 
problem we considered the dendritic theory of solidification 
and the factors involved in solidification. The discussion 
then moves on to directional solidification and gating systems 
in which the importance of the proper size relation between 
sprue, runner, and gate is pointed out. The advantages and 
disadvantages of various gating systems are presented. We 
saw that the ideal gate introduces metal into the mold rapidly 
enough to prevent cold shuts without subjecting the mold 
face to undue pressure and that it helps establish the desired 
temperature gradient. А principal function of the gating 
system is to introduce metal smoothly and uniformly into 
the mold. 

Since volume decrease accompanies cooling and solidifi- 
cation of metal, the last portion of the casting to solidify 
usually requires а supply of feed metal outside the casting 
itself. Risers are the outside source of feed metal supply. 
Adequate feeding by a riser depends on position, design, and 
whether or not it remains open to the atmosphere while the 
casting solidifies. It was noted that the effective riser feed- 
ing distance is influenced by the geometric shape of the cast 
section. A plate section can be fed to a distance equal to 415 
times the thickness of the plate. Bar sections cannot be fed 
as great a distance. Further, the feeding distance factor is 
not constant but varies with the size of the bar; a 27 x2" 
section can be fed a distance of 4T while an 8'' X8'' section 
can be fed only a distance of 2T. No matter what shape is 
involved, effective feeding of a casting occurs only when an 
adequate supply of hot metal flows under a force sufficient to 
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penetrate the last contraction cavity within a riser's sphere 
of influence. The flow of feed metal depends on the action 
of atmospheric pressure on the metal in the riser and mold 
cavity. 

Since the shape of blind risers approaches the ideal of a 
sphere and since they are completely surrounded by sand, 
they deliver а greater percentage of their contained volume 
than do open risers; 35 to 40 percent versus 20 percent. Fur- 
ther, they lend themselves to bottom gating which helps es- 
tablish a desirable temperature gradient. Preventing the 
formation of a continuous skin over the riser which excludes 
atmospheric pressure is just as important in blind as in open 
risers. Keeping the riser open is accomplished by proper de- 
sign supplemented by one of the following: topping-off with 
hot metal, using а churning rod, constructing a flow-off chan- 
nel, forming the riser in core sand, or employing exothermic 
and/or insulating materials. 

The chapter concludes with а discussion of methods that 
may be employed to produce а sound casting when casting 
and mold design, including the system of gates and risers, do 
not suffice. These additional methods include padding, mold 
manipulation, and chills. Of the two types of chills, internal 
chills are more difficult to apply successfully. If the casting 
must be pressure tight or pass radiographic or magnetic 
powder tests, avoid the use of internal chills. Fortunately, 
the use of internal chills can be avoided in most cases by in- 
telligently applying the principles discussed in this chapter. 


QUIZ 


1. What factors normally produce a casting with a thick skin having 
a comparatively fine grain structure? 

2. What causes the differences in grain structure noted within the 
skin, intermediate, and interior zones of the casting? 

3. What index can be used to determine the relative solidification 
or cooling rates of two castings or of different sections of the same 
casting? 


4. Account for the latent heat of fusion evolved while the metal is 
solidifying. 





11. 


12. 


13. 


14. 


15. 
16. 


17. 


18. 


К у BB 


‚ In what two ways does sand in a mold absorb heat from molten 


metal? 


. What is meant by "temperature gradient?” “Why is a suitable 


temperature gradient important? 


. What determines the rate of dendrite nuclei formation and 


dendrite growth? 


: Describe the appearance of a fresh fractured tin-bronze casting 


that is defective as a result of interdendritic shrinkage. 


. Describe the function of an ideal gate. 
10. 


How can uniform metal fiow from all gates in a multiple gating 
system be obtained? 


Why is it mandatory that the cross-sectional area of a gate be 
smaller than that of the casting? 


Why is bottom gating advantageous when casting tin-bronze and 
drossing alloys? 


How does the shape of a section influence the effective feeding 
distance of a riser? 


What two forces are responsible for the movement of metal from 
the riser to the casting? Which is more important? Why? 


What is the first step in riser design? 

What open riser height provides maximum feeding for a minimum 
amount of metal? 

Why is it necessary to avoid a long neck between the riser con- 
tact area and the main body of the riser? 

Why is it possible to employ smaller blind risers than open risers 
to supply feed metal to an area having a given size? 


. What methods are used to supplement design and help Keep the 


metal in the riser fluid and open to the atmosphere? 


. Why should exothermic compounds containing thermit be avoided 


with nonferrous metals? 


. What advantages may be obtained through the use of 180? mold 


manipulation ? 


. What functions are performed by external chills? 
. When does the chilling action of an external chill cease to have 


an influence on the solidification rate of the casting? 


. Why is it essential that the surfaces of internal chills be perfectly 


clean and dry? 


. When should internal chills not be used? 
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СНАРТЕК 


POST SOLIDIFICATION FINISHING PROCEDURES 


THE OPERATIONS INVOLVED 


It's à long way from the designer's drawing board to a 
completed casting. Many operations are necessary. To the 
casual observer, the foundry's job is almost completed when 
the mold is poured. As a matter of fact, several additional 
operations must be performed before the casting is ready for 
delivery. Not only must it be removed from the mold and 
cleaned, it must also be inspected for soundness, minor de- 
fects must be repaired, and in some instances heat treatment - 
must be performed to develop the physical properties 
specified. 

Shakeout and Cleaning 


When a casting is shaken from the mold too soon, distor- 
tion and hot tearing may result. Until the temperature has 
decreased to a certain maximum, which varies with the alloy, 
it is necessary that the casting be left to cool in the mold. 
The temperature of a steel casting should. be no more than 
1900? F at the time of shakeout; cast iron, manganese 
bronze, and tin bronzes should cool to at least 1000? Е; and 
aluminum to at least 500? F. If the casting exceeds the maxi- 
mum temperature, the shakeout operation and subsequent 
handling may cause damage. After the casting has solidified, 
however, no harm is done by loosening cores, flasks, and mold 
fixtures. In fact, such loosening after solidification may 
prevent cracking and distortion. 
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When the casting has cooled sufficiently, shake it from the 
sand. Remove all adhering sand either by chipping and/or 
wire brushing, as necessary, before any other cleaning opera- 
tions are performed. This step is necessary because adhering 
sand: 


1. Interferes with burning operations employed to remove 
risers from steel castings 


2. Decreases the life of saw blades used to remove risers 
from nonferrous castings 


9. Contaminates sand and shot blasting materials 


4. Insulates portions of the casting and causes nonuniform 
heating during heat treatment 


Risers and gates may be removed by striking with a sledge, 
sawing with a band saw or an abrasive cutoff wheel, cutting 
with a sprue cutter or a chipping hammer, or burning with 
an oxyacetylene, oxyhydrogen, or oxypropane cutting torch. 
Not all of these methods are suitable for all alloys. With 
steel, riser removal by cutting with a band saw is impracti- 
cable except for small jobs. Неге the burning torch is most 
useful. Thorough sand removal is important, particularly 
when the metal has penetrated the sand, forming a sand- 
metal layer of material in the area to be cut. The torch will 
not sever the sand-metal layer because the sand breaks up 
the continuity of the steel. This layer of material must be 
removed by chipping prior to applying the cutting torch. 

Ав a rule, steel castings should be at a temperature in ex- 
cess of 400° F (700° F if riser diameter exceeds 6 inches) 
when risers are removed with a cutting torch or by other 
methods involving the application of heat; i. e., melting off 
with carbon or metallic arc welding equipment. А 3⁄6” to 
3%” stub should remain on the steel casting when risers and 
gates are removed by burning or melting. This stub as well 
as mold joint fins is removed later by grinding. Risers on 
stainless steel castings cannot be removed with a cutting 
torch. They must be removed by mechanical means (sawing, 
shearing, chipping, or abrasive cut-off wheels) or by melt- 
ing with an electric arc. 
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Flogging or knocking off is sometimes used to remove 
risers from gray iron castings. When this method is used, 
the metal is nicked on each side of the riser or gate at the 
point where shearing is desired. А common difficulty with 
flogging is that the neck does not completely surround the 
riser, consequently the shearing frequently tears the casting. 
Since the oxyacetylene cutting torch is impractical with cast 
iron, the most suitable means of gate and riser removal is 
sawing, chipping, or cutting with an abrasive wheel. With 
the latter process, it is necessary to hold the casting securely 
in a jig to avoid breaking the wheel. 

Gates and risers on aluminum, bronze, and other common 
nonferrous castings are usually removed by mechanical 
means. When sawing aluminum, operate the saw at a speed 
of 500 to 1,200 feet per minute; for bronze, a speed of 200 to 
150 feet per minute is satisfactory. In both cases, a saw- 
toothed design should prevent gumming. The cutting torch 
is not satisfactory for nonferrous metals. 

The removal of gates and risers is one of several steps iu 
the cleaning process. In almost all instances, wire brushing 
with hand or power tools is necessary to remove loosely ad- 
hering sand. Frequently, scaling with chisels is required to 
remove pockets of sand penetrated by metal. Usually a ham- 
mer blow removes external chills, but occasionally it is neces- 
sary to chip or burn them free. Although sand or shot blast- 
ing is sometimes performed before riser and gate removal, 
this is usually an uneconomical procedure. However, 
whether risers are removed before or after blasting, all sand 
that can be removed from the casting by other means (brush- 
ing and chipping) should be removed to avoid contaminating 
the blasting material and to minimize dust. Although sand 
is widely used as a blasting material, the trend is toward the 
use of metal abrasives since 1 ton of abrasive will do the 
cleaning work of 40 tons of sand. 

A pickling process is sometimes required to remove scale 
adhering to castings, especially when the casting has an 
intricate shape, or when the surface is to be galvanized or 
otherwise coated. Mixtures of sulfuric, muriatic, nitric, or 
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hydrofluoric acids are generally used. Hydrofluoric acid 
effectively removes sand while sulfuric acid removes scale. 
Muriatic acid (also called hydrochloric) will also remove 
scale. Frequently two pickling baths are used: first, the 
part is pickled in a 5 to 10 percent solution of sulfuric acid 
in water at 150? to 190? F, followed by а hydrofluoric 
treatment. Immediately after pickling, the casting is washed 
in water at about 200? F, so that it will dry quickly, and 
thus minimize rusting. 

As а rule nonferrous castings are not pickled except where 
a very bright surface is required. When such a surface is 
desired it is necessary to lacquer the surface after the pickling 
treatment to prevent discoloration. The usual nonferrous 
cast alloys are pickled in a dilute sulfuric acid solution con- 
sisting of 5 to 10 percent volume of concentrated sulfuric 
acid and water at a temperature ranging from atmospheric 
up to 120° F. If objectionable red cuprous oxide stains 
remain after pickling, they may be removed by immersing 
the metal in a solution consisting of 4 to 10 percent sulfuric 
acid, 4 to 8 ounces of sodium bichromate per gallon of solu- 
tion, and 90 to 96 percent water, at a temperature of 80° 
to 120° F. Several hot and cold water rinses are necessary 
after the pickling treatment to remove all trace of acid. Hot 
water containing 1 to 2 ounces of soap per gallon of water 
neutralizes any residual acid remaining on the metal. After 
the final rinse, the part should be dried completely with a 
blast of hot air to avoid water staining. 

As a rule the Molder does not perform pickling operations. 
However, in the event that you assist in this work, here are 
some points that you and your men should keep in mind when 
working with acids: 


1. Wear rubber gloves, rubber frame goggles, acid resist- 
ing footwear, and a protective apron. 

2. When removing stoppers from containers of acid, re- 
move the stopper slowly and cautiously (sometimes a 
gas is generated which may cause acid to be thrown out 
if the cork 1s removed suddenly). 
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3. When preparing a solution, add acid to water, not water 
to acid. If acid is accidently splashed on the skin, wash 
immediately with а dilute solution of borax and water 
or with aqua ammonia; if neither or these materials is 
readily available, wash thoroughly with soap and water. 


INSPECTION AND TESTING 


The activity submitting a work request for a casting ex- 
pects the foundry to deliver а dimensionally accurate, sound 
product, free from interna] as well as surface defects. While 
visual inspection detects obvious defects like blows, scabs, 
buckles, misruns, spalled areas, and mold and core shifts (see 
fig. 5-15), the human eye cannot detect hairline cracks or 
internal defects. Although the sound emitted by a casting 
when tapped with a hammer is an indication of casting sound- 
ness and may be used to detect large cavities, sound used in 
this crude way is unreliable and does not pin-point the lo- 
cation of the defect so that it may be repaired. Sound, how- 
ever, is the basis of ultrasonic testing used at many Navy 
activities and aboard some ships. Here a beam of very high 
frequency, short wavelength sound waves are transmitted 
through the casting. Defects existing in the casting show 
up on a reflectoscope as an acoustical shadow on the side op- 
posite thàt from which the sound waves entered the casting. 

Ultrasonic testing is employed to check the soundness of 
engine parts at internal combustion engine repair facilities. 
Several other nondestructive inspection techniques are more 
generally available: magnetic particle inspection, fluorescent 
penetrant inspection, and radiographic or X-ray inspection. 
Magnetic particle inspection is suitable only on ferrous 
metals. It is not suitable for detecting subsurface defects 
greater than 14'' below the surface. Fluorescent penetrant 
inspection is primarily intended for detecting surface defects 
in nonferrous metals, while X-rays detect flaws in any kind 
of metal providing the defects are larger than 2 percent of 
the metal thickness. The ship or station to which you are 
assigned may have all, some, or none of the equipment neces- 


sary to conduct these inspections; but as you move from one 
duty station to another, you will have an opportunity to in- 
spect castings with each of these nondestructive inspection 
methods. 


Magnetic Particle Inspection 


The detection of defects in castings with magnetic particle 
inspection is limited to parts made from alloys that can be 
magnetized. Thus, this test for soundness is suitable for 
locating defects in ferrous alloys, but not in nonferrous 
alloys. | 

The principles underlying magnetic particle inspection are 
the same as those governing permanent and electromagnets. 
You may recall from a course in general science, or from 
your study of Electricity, NavPers 10622-B, in the Basic 
Navy Training Course series, that magnetism is an invisible 
force whose presence can be detected only by its effects. The 
effects observed are governed by the strength and kind of 
magnetic field developed. 

You are familiar with horseshoe and straight bar mag- 
nets. Like all magnets, their power to attract and hold other 
magnetic particles brought within range of their influence 
depends upon a magnetic field force between the north and 
south poles. Though the forces involved in magnetism are 
invisible, their existence and the basic laws of magnetism can 
readily be demonstrated by a simple experiment with a per- 
manent magnet, a piece of plate glass or Lucite and some iron 
filings. The sketches in figure 11-1 illustrate the results ob- 
tained when iron filings are sprinkled on a glass plate beneath 
which have been placed magnets whose poles are oriented 
toward each other in different ways. 

The sketch at A shows the pattern formed by the iron fil- 
ings when a straight bar magnet is placed under the glass. 
The pattern formed by the filings is that of the lines of force 
within the magnet field. From the pattern it is obvious that 
greatest magnetism is concentrated at the poles and that 
the lines of force within the field are continuous. If the 
bar is notched or cracked at any point along the surface 
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Adapted from “Operator-Inepector Guidance Charts,” 
Magnaftuz Corp. 





Figure 11—1.— Magnetic field force patterns. 


between the two poles of the bar magnet, another pair of 
magnetic poles with a concentration of field forces exists 
at that point. By other experiments it can be demonstrated 
that the direction of the lines of force is from the north to 
the south pole. 

The sketch at B illustrates the force of attraction that exists 
when opposite magnetic poles approach each other. Sketch 
C shows the force of repulsion that develops when like mag- 
netic poles are brought together. As long as the magnet 
has polarity (that is, a north and south pole) a magnetic field 
exists outside the magnet. These lines of force are con- 
tinuous. They pass through the magnet proper, leave at the 
north pole, pass through the intervening air, and re-enter the 
magnet at the south pole. 

If a magnetized piece of metal has the form of a ring and is 
not polarized, the lines of force, for all practical purposes, 
are entirely within the metal, as shown in sketch D. Having 
no poles, and thus no external magnetic field, iron filings do 


not “stick” or arrange in characteristic patterns. Since 
there is no polarity, magnetism does not concentrate at any 
one point but is uniformly distributed throughout the metal. 
If this poleless magnet is purposely or accidentally cracked, 
north and.south poles immediately develop, a magnetic field 
js set up, magnetism concentrates at the poles, and iron fil- 
ings are attracted to and held at the polarized point. 

` Iron and steel castings produced in the foundry are not 
ordinarily magnetic. To be inspected by the magnetic par- 
ticle inspection technique, magnetism must be induced in the 
part. As you may recall, a ferromagnetic metal can be 
magnetized in several ways: (1) by stroking a bar with a 
permanent magnet, (2) by passing an electric current through 
the bar, and (3) by passing an electric current through a coil 
of wire surrounding the bar of meta]. The latter two meth- 
ods are employed in magnetic particle inspection. 

An electric current passing through the test piece induces 
circular magnetism. Here the direction of the lines of force 
circle in a direction at right angles to the direction of the 
current passing through the metal. On the other hand, an 
electric current passing through a coil surrounding the test 
piece induces longitudinal magnetism in which the lines of 
magnetic force are lengthwise inside the coil. To detect a 
defect, the direction of the magnetic field must be at right 
angles to the defect. A magnetic field having the desired 
direction results when the direction of current flow is parallel 
to the defect. Since the orientation of the defect is un- 
known, different current directions are used during the test. 
Usually, circular magnetism is induced in a casting to inspect 
for lengthwise cracks while longitudinal magnetism is in- 
duced to inspect for transverse defects. 

Both concepts of magnetism are illustrated in figure 11-2: 
A is circular magnetism, B is longitudinal. Solid arrow- 
tipped lines represent the direction of current flow, while 
dash lines tipped with an arrow represent the induced mag- 
netic field. Note the orientation of the defect in each in- 
stance relative to the direction of the field. Both circular 


335343 O—55——24 
359 


CONTACT PLATE CONTACT PLATE 


MAGNETIC LINES OF FOR ce 
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A. MAGNETIC PARTICLE INDICATION OF 
LENGTHWISE CRACK IN A CYLINDRICAL PART 


B. MAGNETIC PARTICLE INDICATION OF 
TRANSVERSE CRACK IN A CYLINDRICAL PART 





Adapted from “Operator-Inspector Guidance Charts,” 
Magnaflus Corp. 


Figure 11—2.—Circuler magnetism (A) and longitudinal magnetism (B) in the 
detection of defects. 


and longitudinal fields are frequently used to check a given 
casting. 

Fundamentally, magnetic particle inspection involves 
magnetizing the casting, applying finely divided magnetic 
particles to the test piece, and visually inspecting the pattern 
(called the indication) formed by the powder on the surface 
of the test piece. The presence of a defect is indicated by 
the adherence of the particles to the test piece around the 
defect. The pattern of adhering particles has a shape ap- 
proximating that of the defect. When the defect is at the 
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surface of the test piece, polarity and a magnetic field attract 
and hold magnetic particles in an observable pattern. 

Not all defects are cracks at the surface of the casting. 
Provided these internal defects are not too far beneath the 
surface (about 14”), magnetic particle inspection may re- 
veal them even though they do not extend through to the 
surface. Up to this point we have assumed that the mag- 
netic field induced in the metal is uniformly distributed 
throughout and restricted to the test piece unless a surface 
defect gave rise to polarization. For all practical purposes, 
this is the case if the inner portions of the metal are solid. 

When the continuity of the metal is interrupted by a gas 
pocket or other defect, distribution of the lines of force of 
the magnetic field are disturbed. One of the properties of 
magnetic lines of force is that they prefer to pass through 
some materials rather than others. Ferrous metals are high 
on the preferred list; air is low on the preferred list. An- 
other way of saying this is that iron has high magnetic per- 
meability or low reluctance while air (and other nonferrous 
substances) has high reluctance and low permeability. 
Thus, since a magnetic line of force prefers a path through 
iron rather than any other substance, a line of force will dis- 
tort its path around a defect rather than pass through a less 
permeable or more highly reluctant material. Lines of force 
distorted in this manner cause a concentration of magnetic 
lines of force which, in effect, make а magnet of the defect. 
If the concentration of magnetism due to the defect is large 
enough to permit some of the magnetic field to leak to the 
surface, a pattern of adhering particles results. 

Severa] types of magnetic particle inspection units are 
available. One type, shown in part in figure 11-2, has ad- 
justable contact heads and a movable coil or solenoid as well 
as a power source, controls, and indicating meters. Some 
of these bench models incorporate a tank for the magnetic 
particle and oil mixture used in the so-called wet method 
of inspection. The heads of these units are used to pass a 
current through the test piece and thus set up a circular 
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magnetic field. The coil, on the other hand, is used to induce 
& longitudinal magnetic field. 

This bench type unit is primarily intended for the inspec- 
tion of small parts, or volume inspection of many similar 
parts. Through the use of the heads and then the coil, mag- 
netic fields oriented 90 degrees from each other are easily 
induced without changing the position of the casting in the 
unit. While this unit is satisfactory for many applications, 
it is not suitable for large castings and weldments. For this 
reason, the portable, general-purpose unit shown in figure 
11-3 is used to conduct magnetic particle inspection tests on 
castings and weldments. 

The portable unit shown in figure 11-3 is a high amper- 
age, low voltage unit having а maximum magnetizing cur- 
rent output of 500 amperes, either alternating or half-wave 
rectified direct current. It is ready to operate when plugged 
into а 110 volt power supply that furnishes 20 amperes. Es- 
sentially, the unit consists of magnetizing current source 
controls, indicating meters, 3 ten-foot lengths of flexible 
cables for carrying the current to the test piece, and a prod 
kit. The prod kit includes an insulated prod grip fitted 
with an ON-OFF relay or current control switch, a pair of 
heavy copper contact prods, and 2 five-foot lengths of flexible 
cable. Cable fittings are so designed that either end of any 
cable may be fitted to the unit, to the prods, or to each other. 
Three outlets on the unit make a changeover from an alter- 
nating to а direct magnetizing current a simple procedure. 
Plugging cables in two of the outlets supplies an alternating 
magnetizing current. Unplugging one of the cables and 
replugging it in the third outlet provides а half-wave direct 
magnetizing current. For most work, alternating-current 
magnetization effectively locates fatigue cracks and similar 
defects extending through to the surface. When more sensi- 
tive inspection is required to detect defects below the sur- 
face, a direct-half-wave current is used. The unit's mag- 
netizing circuit connections are adequately marked for easy 
identification during setting up or changing over. 

The unit can be used with alternating or direct current in 
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either of two ways: (1) with prods attached to the flexible 
cable and used as contacts through which current is passed 
into and out of a portion of the test piece, setting up circular 
magnetization in a local area between the prod contact 
points; or (2) wrapping flexible cable around the work to 
form a coil which, with the passage of current, induces longi- 
tudinal magnetism in the work piece surrounded by the 
coiled cable. 


While either of these two methods may be used, the prod 
method is probably the easier to apply. In most instances, 
it effectively serves to detect objectionable surface defects. 
However, with the prods, only a relatively small area of the 
test piece can be magnetized at a time. This magnetized 
area is limited to the distance between prod contact points 
and to several inches on each side of the current path. To 
check the entire surface area of a casting, it is necessary to 
successively test adjacent areas; that is, change the location 
of the prod contact points after а given area has been tested. 
Each area of the casting must be inspected twice; once with 
the current passing through the metal in one direction, fol- 
lowed by a second test with the current passing through the 
meta] in a direction 90 degrees to that of the first test. Опе 
of the advantages of the prod method of magnetic particle 
inspection is that the current can be easily passed through 
the metal in any desired direction. Thus, if a given area is 
suspected of being defective, magnetic fields of various ori- 
entations to each other can be established during the test. 

The prod method of magnetic particle inspection is accom- 
plished by adjusting the unit for a current output suitable 
for the magnetizing and testing to be performed. For the 
same kind of metal, the current amperage setting required 
depends on the distance between prod contact points. With 
the prod kit supplied with the unit, the space between prod 
contact points is five inches. For this space, a current setting 
between 300 and 400 amperes is satisfactory. To obtain the 
same magnetic field force, less amperage is required if the 
prod contact points are closer together; more amperage is 
needed if prod contact points are further apart. With 
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prods constantly at the same spacing, the greater the current 
amperage, the greater the strength of the induced magnetic 
field. 

After adjusting the unit, place the prods in position, hold- 
ing them in firm contact with the metal, and turn on the 
current. Then apply magnetic particles to the test surface 
and inspect the test area for indicator patterns. Magnetic 
particles may be applied with a shake-bag similar to that used 
to apply parting flour, with a powder bulb, or with a special 
dry powder applicator gun. Do not move the prods until 
after the current has been turned off. To do so will cause the 
current to arc, resulting in a flash similar to that occurring in 
arc welding. 

` The length of time the current is to be left on depends on 
the kind of metal being tested and the preference of the in- 
spector. If he prefers the continuous method, in which the - 
current continues to pass through the metal throughout the 
test, current is not turned off until after the area has been 
inspected for indications. If he prefers the residual method, 
the current is permitted to pass through the metal for only 
an instant. This method is possible because the magnetic 
field is established the instant that the electric current flows 
through the metal. Moreover, in many types of steel, the 
magnetic field established remains effective for a short time 
after the current has been turned off, diminishing gradually. 
Since areas in which defects exist are more magnetic than 
those in which the metal is solid, the residual magnetism at 
these points is greater, having sufficient strength to hold mag- 
netic particles while other areas do not. The residual method 
is not suitable on low carbon steel, however, since it does not 
retain induced magnetism. For low carbon steel, the cur- 
rent must be left on during the test. 

Through the use of magnetic particle inspection, hairline 
cracks invisible to the unaided eye are readily detected. 
Here the particles form an unmistakable outline of the de- 
fect. Larger voids beneath the surface are more easily de- 
tected than small voids, but any defect below the surface 
is more difficult to detect than one that extends through the 
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surface. Since false indications occur frequently, it is obvi- 
ous that the inspector must be able to interpret the particle 
indications he observes. 


Four factors, in addition to the amount of magnetizing 
current applied, help the inspector interpret the test result. 
These factors include the shape of the indication, the sharp- 
ness of the outline, the width of the pattern, and the height 
or buildup of the particles. Although these characteristics 
do not determine the significance of the indication, they serve 
to identify the kind of defect indicated. 

The indication of a crack is a sharp, well-defined pattern 
of magnetic particles having a definite buildup. This indi- 
cation is produced by a relatively low magnetizing current. 
Seams or cold shuts are revealed by a straight, sharp, fine 
indication. The buildup of particles is relatively weak and 
the magnetizing current must be relatively higher than that 
required to detect cracks. Oxide and slag inclusions, gas 
pockets, or shrink defects are difficult to detect with mag- 
netic particle inspection. Here the particle pattern has a 
fuzzy outline with a medium buildup. А high magnetizing 
current, usually continuously applied, is required to observe 
the defect pattern. 

Whether or not an indicated defect is to be chipped or 
ground out and repaired by welding depends on the spec- 
ifications governing the job. Surface cracks are always re- 
moved and repaired. Indications of subsurface defects de- 
tected by magnetic particle inspection is а matter of local 
evaluation. If the indication is positive, it is best to grind 
or chip down to solid metal and make the repair. How- 
ever, unless the inspector has had considerable experience and 
can differentiate between true and false indications with 
considerable assurance, it is best to restrict the application 
of magnetic particle inspection to the detection and repair 
of surface defects. For this application, magnetic particle 
inspection is almost foolproof. When the internal sound- 
ness of a casting or weld is to be determined, X-ray or su- 
personic inspection tests rather than magnetic or fluorescent 
penetrant particle inspection techniques must be employed. 
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After indicated defects have been repaired, these local 
areas should be reinspected to ensure that the repair is sound. 
The final step in magnetic particle inspection is to demagne- 
tize the work piece. This is especially important when the 
piece is a machinery working part which might collect iron 
particles or if it is made of high carbon steel. Demagnetiza- 
tion is particularly essential when direct current has been 
used to induce the magnetic field. It is not as necessary 
when alternating current has been employed in the test. Аз 
a matter of fact, the usual demagnetization procedure in- 
volves placing the work piece in an a-c coil or solenoid and 
slowly withdrawing it while the current passes through the 
coil. 

This job can be done with the portable unit in the event 
that а demagnetizer unit is not available. То demagnetize 
with the portable unit, form a coil of flexible cable around 
the work piece, being sure that the cable is plugged in the 
unit for the delivery of alternating current. Set the current 
regulator so that а current identical to that used for the 
inspection itself is delivered, and turn on the unit. Then 
gradually decrease the amperage delivered until the ammeter 
indicates zero. If the piece is large, it may be necessary to 
demagnetize it in increments just as it may have been neces- 
sary to test а small portion of the work at a time. 

A check for the presence of a magnetic field, and thus the 
need for demagnetization, may be made with а small com- 
pass. А deviation of the needle from its normal position 
when near the work piece is an indication that a magnetic 
field is present. If demagnetization cannot be satisfactorily 
accomplished by the method described, it can be accom- 
plished by heating the piece to a point above its solid state 
transformation temperature as described in a subsequent 
section of this chapter. 


Fluorescent Penetrant Inspection 


Fluorescent penetrant inspection provides а method for 
inspecting nonferrous (nonmagnetic) castings for surface 
defects similar to those revealed by magnetic particle inspec- 
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tion. Since a magnetic field cannot be induced in nonferrous 
metals and certain austenitic steels, the technique is quite 
different from that described in the previous section. Un- 
like magnetic particle inspection which can reveal subsur- 
face defects, fluorescent penetrant inspection reveals only 
those defects open to the surface. Within this limitation, 
however, the technique may be applied to inspect any me- 
tallic part as well as ceramics, plastics, molded rubber, and 
glass. 

This inspection method involves (1) applying а penetrat- 
ing liquid which is fluorescent by itself or contains fluorescent 
particles to the surface of the test piece, (2) removing the 
excess penetrant by wiping or spraying with water, (3) dry- 
ing the surface thoroughly and applying а dry powder “de- 
veloper" to the surface to draw the penetrant from the defect, 
and (4) viewing the surface of the part under a black light. 
The liquid used in this test is а completely washable, oil-base 
material. 'The presence of certain organic substances hav- 
ing the ability to absorb light of short wavelength and trans- 
form it into light of longer wavelength causes the liquid to 
fluoresce or give off a bright yellow-green light when viewed 
under a black, short wavelength light source. i 

The penetrating liquid may be applied with a paint brush, 
by spraying, or by dipping the part into a tank containing the 
liquid. If a defect open to the surface exists, the applied 
penetrant seeps into and fills the opening by capillary action. 
Spraying or wiping the surface with water removes excess 
penetrant from the surface but not from the defect. Suffi- 
cient time between application and cleaning must be allowed 
to permit the fluid to penetrate into defects. The smaller and 
finer the defect, the more time required for penetration. 
Three to ten minutes is usually adequate for castings. 


Cleaning to remove excess penetrant as well as to facilitate 
subsequent inspection is carried out under a black light to 
ensure thoroughness. If a water-spray nozzle is not avail- 
able, or its use is not desirable, cleaning may be performed 
with two wet cloths and two buckets of water. Rough clean- 
ing is done with one, final cleaning with the other. After 
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cleaning, the part must be thoroughly dried with paper or 
cloth towels, or in a drying unit. А dry surface is essential to 
prevent the developer from matting. 

With cleaning completed, natural seepage from a defect 
occurs. This natural seepage is sufficient to indicate large 
defects. Small defects, though, require development to estab- 
lish positive identification. Development consists of apply- 
ing a dry powder to the surface of the part. The powder acts 
like a blotter, drawing the penetrant out of the defect and 
forming a brilliant indication. Since the powder is not 
fluorescent, it serves to subdue the background, and by con- 
trast makes the fluorescent penetrant drawn from the defect 
stand out. Underthe black light, nondefective areas are non- 
fluorescent and have a dead purple appearance. A defect is 
clearly outlined by a bright yellow-green line. Figure 11-4 
summarizes the principles of fluorescent penetrant inspection 
while figure 11-5 shows а typical application of the test. 
The bright lines indicate surface defects and possible cracks. 

Although elaborate cabinets are available and provided at 
some activities, the only essentials are the fluorescent pene- 
trant material and the black light source. The mechanics 
of the test are easily mastered, but some experience is neces- 
sary to properly interpret the results. When attempting to 
detect small hairline cracks it is necessary to exclude almost 
all visible light. For the detection of surface defects in the 
usual range of interest, only partially subdued lighting con- 
ditions are necessary. 

In common with all testing procedures, the results or indi- 
cations observed during a fluorescent penetrant inspection 
must be interpreted and evaluated. In almost any test, in- 
significant indications are present. Rough spots on sand 
castings usually cause а pockmark. А similar indication 
occurs at the surface of castings subject to slight general 
porosity. Indications of this sort are usually considered 
irrevelant and may be safely ignored. Another type of false 
indication results when the washing operation has not com- 
pletely removed the fluorescent fluid. The shape is usually 
such that it is easily distinguished from a true indication. 
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Destructive Testing With Zyglow," Magnaftuz 
Corp. 


Figure 11—4.—Principles of fluorescent penetrant inspection. 


A distinct advantage of fluorescent penetrant inspection 
is that the fluid penetrates to the bottom of the defect and 
thoroughly coats all portions of the defect in the process. 
Thus, when the defect is prepared for repair, the area con- 
tinues to glow or fluoresce until the defect is entirely re- 
moved. This characteristic may be used by the inspector to 
develop experience in distinguishing between true and false 
indications. А high speed portable grinder applied to the 
suspected defect will soon reveal the validity of the 
interpretation. 

Since the materials from which penetrants are made cause 
dermatitis (a skin disease) in some people, it is advisable 
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Courtesy Magnaftua Corp. 


Figure 11—5.—Typicat application of fluorescent penetrant inspection. 


to prevent contact with the skin. Wear neoprene rubber 
gloves to handle coated parts. If some of the material 
splashes on your skin, wash thoroughly with soap and water. 

The black light used in the fluorescent penetrant test is 
harmless unless the eyes are continuously exposed for long 
periods to black light radiation from highly finished sur- 
faces. Неге the effect may be temporary eye fatigue. When 
the lamp is used to inspect castings, the probability of such 
fatigue is negligible; this is especially true aboard ship 
where only a relatively few inspections of this kind are 
made. 

Radiographic Inspection 


For certain critical applications it is essential that the 
interior as well as the surface of the casting be free from 
harmful defects. To detect internal defects, the metal work- 
ing industry relies on an inspection method known as radi- 


371 


ography. In this inspection method, an invisible beam of 
radiant energy (something like а beam of visible light) is 
passed through the metal on to photographic film. The de- 
gree to which a given source of radiation penetrates the cast- 
ing and induces changes in the film depends on the kind and 
thickness of the material from which the casting is made. 
Less dense materials permit greater penetration than those 
having greater density. 

Film exposed to radiant energy undergoes a change. When 
subsequently developed, the exposed portion of the film is 
darker (has greater density) than that which has not been 
exposed. Further, the greater the amount of radiant energy 
passing through the material being tested and striking the 
film, the darker or more dense the negative will be at that 
point. If a greater percentage of the beam passes through 
one portion of the test piece than through another, that por- 
tion of the film will have greater density than other parts of 
the film. The proportion of radiant energy passing through 
a defective area of the casting differs from that passing 
through sound metal. Consequently, the film density repre- 
senting the defective area differs from that of the rest of the 
casting. These differences in film density are the basis for 
detecting defects in radiographic inspection. For example, 
a cavity appears on the developed film as a dark area, while 
an inclusion having greater density than the base metal ap- 
pears as a light area. 

Either gamma rays emitted by a naturally radioactive 
substance like radium (or certain isotopes of uranium and 
cobalt) or X-rays generated in a special tube may be passed 
through a casting to produce a radiograph or shadow picture. 
Just as visible light rays pass through a glass window pane, 
X-rays have the ability to penetrate less transparent ma- 
terials. Gamma- and X-rays have this peculiar energetic 
property because their wavelength is extremely short, about 
140000 ОГ less than that of visible light. 

The radiographic equipment furnished repair- or tender- 
type vessels and shore stations is a 260 kilovolt peak (KVP), 
portable X-ray machine. When the unit is available. its 
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operation and care are normally the responsibility of Metal- 
smiths who have received & special course of instruction. 
Although you may not actually operate or set up the equip- 
ment for radiographing castings, you will probably interpret 
the results; therefore, you should be familiar with the equip- 
ment and the methods used to produce radiographs. 

The portable X-ray equipment shown in figure 11-6 con- 
sists of three principal units plus electrical cable, water hose, 
and facilities for their stowage. The power supply and cool- 
ing unit shown at А converts 220 or 440 volt, 3 phase, 60 
cycle current from the power source to 2000 cycle, single 
phase current. In addition to a built-in regulator for main- 
taining constant output voltage, this unit circulates a coolant 
through the X-ray tube head (C) by means of a radiator, 
water pump, and interconnecting hose. 

The reel rack and master control shown at В, figure 11—6, 
are actually two separate units. The rack merely provides 
stowage space for control cable, power cable, and coolant 
hose as well as stowage space for the master control unit. 
The master control itself, when properly set up with the 
power supply and tube head (see fig. 11-8), provides the 
means for energizing and adjusting the KV and milliam- 
perage of the tube head. Through a timer, it automatically 
indicates the elapsed time of exposure and de-energizes the 
tube head at the completion of a selected radiograph ex- 
posure. Indicating instruments show the kilovoltage and 
milliamperage of the X-ray beam emerging from the X-ray 
tube window. 

A bottom and top view of the transformer tube head are 
shown at C and D, figure 11-6. A transformer within the 
head assembly converts low voltage from control to the kilo- 
voltage required for the production of X-rays by the X-ray 
tube located in the head. The unit also contains a heat ex- 
changer and blower for removing heat from the transformer 
and X-ray tube parts. The head is charged with an insulat- 
ing gas (sulfur hexafluoride) to prevent electrical leakage. 
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Figure 11—6.—Portable, 260 KVP X-ray machine. 


The tube which actually produces the X-rays is shown in 
figure 11-7A. It is а vacuum tube containing a negative 
and a positive terminal. The former is essentially a fila- 
ment which provides a source of electrons; the latter is a 
target at which the stream of electrons is focused. A high 
voltage applied to the tube drives electrons from the cath- 
ode, or negative terminal, to the anode, or positive terminal. 
The higher the voltage, the greater the speed of the electrons. 
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Figure 11—7A.— X-ray tube. 


The principle of X-ray generation is illustrated in figure 
11-7B. 

Heat and X-rays are generated when rapidly moving, 
negatively charged particles (electrons) collide with a mass 
of matter. The sudden stop transforms the energy of motion 
(kinetic energy) of the electron into radiant energy. The 
faster the particles are moving, the shorter the wavelength 
of the X-rays. The greater the current (milliamperes), the 
greater the intensity of the radiant energy produced. Most 
of the kinetic energy is transformed into heat; only a small 
portion is transformed into electromagnetic waves ( X-rays) 
having the ability to travel in penetrating straight lines 
without displacing the matter through which they pass. 
The schematic diagram at 11-7B illustrates the principle of 
the generation of an X-ray beam. 

The manner in which the several units of the portable 
X-ray equipment are interconnected is shown in figure 11-8. 
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Figure 11—7B.—The principle of X-ray generation. 


А complete description of this set-up as well as the details 
for the operation and care of the equipment is presented in 
the handbook furnished with the machine. Only qualified 
personnel who have had special training may operate this 
equipment. 

X-rays are potentially dangerous. Overexposure may 
result in burns, ulcers, anemia, leukemia, and sterility, de- 
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Figure 11—8.—Equipment hook-up diagram. 


pending on the amount and kind of exposure. When the 
X-ray unit is operating, it is essential that all personnel in- 
cluding the operator be no less than 20 feet from the X-ray 
tube unless а heavy bulkhead or lead shielding is provided 
between the radiation source and the operating personnel. 
Prior to energizing the unit, the area in which the radiograph 
is to be made must be completely cleared of all personnel. 
Bear in mind that secondary radiation scattered from the 
test piece or nearby objects is potentially as dangerous as the 
direct radiation from the beam itself. 

The best radiation safety precaution is distance between 
yourself and the radiation source. Distance is an important 
factor since the intensity of radiation varies inversely with 
the distance from the radiation source. Like a beam of light 
from a flashlight, X-rays cover an increasingly larger area 
with lessened intensity as they travel from the source. This 
principle, known as the inverse square law, is illustrated in 
figure 11-9. From the illustration it is apparent that when 
the distance from the radiating source is doubled, the area 
covered by the beam is quadrupled. Atthesame time, though, 
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Figure 11—9.— Diagram illustrating inverse square law. 
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the intensity per unit of area is only one-quarter of the value 
at the original distance. Thus, with sufficient distance, the 
area covered by the beam may be tremendously large but its 
intensity so slight as to be negligible. The intensity at any 
given distance, however, depends upon the intensity of the 
radiation source. 

The diagram in figure 11-10 illustrates the fundamentals 
of radiographic exposure and indicates the setup of film, 
specimen, and radiation source, for making a radiograph. 
Note that the film assembly is positioned as closely as pos- 
sible to the test specimen while the X-ray source is some dis- 
tance away. А definite space ratio must be maintained be- 
tween the specimen and the X-ray source, and between the 
surface of the specimen nearest the radiating source and the 
film, if a satisfactory radiograph is to be obtained. The 
ratio of these spaces should be at least 7 to 1. Thus, if the 
space between the film and the specimen surface nearest the 
radiation source is 215 inches, the X-ray source should be 
at least 1534 inches. 

Very few industrial radiographs are made with intensify- 
ing screens as indicated in the sketch. Intensifying screens 
serve to decrease the exposure time required by increasing the 
effects of the X-rays on the film. When X-rays are absorbed 
by the screen a blue light is emitted which further exposes 
the film. The film and intensifiers are packed in a light- 
tight device known as a cassette, which is positioned snugly 
against the specimen or radiographing. After exposure, the 
cassette is delivered to the medical department for process- 
ing and developing. 

Many factors govern the results obtained in radiography. 
To discuss them in detail would take us far afield. In brief, 
though, the principal factors are the kind and thickness of 
the test specimen, the kind of film used, the focal distance 
between the specimen and the radiation source, the voltage 
applied, the exposure time, and the location, size, and orien- 
tation of the defect. Each of these factors has a bearing on 
the radiograph produced. Making the setup, selecting the 
voltage and exposure time, and developing the film are not 
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Adapted from “Radiography in Modern Industry,- 
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Figure 11—10.—Schematic diagram for making a radiograph. 
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the Molder's responsibility. These functions are performed 
by specially trained personnel. Interpretation is another 
matter. Since the Molder is more familiar with the kind and 
probable location of defects likely to exist in a casting, as 
well as being familiar with the design, he is in a better posi- 
tion to interpret radiographs of the castings he produces. 

Interpretation is guided by radiographic standards pub- 
lished by the Bureau of Ships. А copy of these standards 
is available aboard each ship or station having X-ray equip- 
ment. A decision on the acceptability or unacceptability of 
a casting is based on a comparison of the radiograph of the 
casting in question with the radiographic standards. The 
plates included in these standards are divided into groups 
according to the type of defect. Each plate within a group 
is identified as being acceptable, borderline, or unacceptable, 
for each of five classes of castings, based on the intended 
service of the casting. When the radiograph of a given 
casting shows more than one defect, it is necessary to make 
comparisons with several standard plates. The standards 
cover gas pockets, blow holes, sand spots, inclusions, internal 
shrinkage, hot tears, unfused chaplets, and internal chills. 

Two of the 31 standard plates are reproduced in figure 
11-11. These plates indicate gas and blowhole defects. The 
plate at A is borderline for class 1 steel castings (high pres- 
sure valves and fittings) but is acceptable for all other 
classes. The plate at В is unacceptable for all classes of steel 
except hull fitting castings exceeding 3 inches in thickness. 
In this instance, the radiograph indicates а borderline cast- 
ing. Make a thorough study of the plates contained in the 
Radiographic Standards for Steel Castings before you at- 
tempt to interpret a radiograph. 

Familiarity with what is and what is not acceptable is 
essential. But just as important is familiarity with the de- 
sign of the casting. Unless all sections of the metal radio- 
graphed are of uniform thickness, а radiograph of a perfectly 
sound section of metal will vary in density. Thin sections 
and cored internal cavities appear as darker areas on the 
radiograph. Density differences resulting from design must 


381 





Figure 11—11.—Exomples of radiographic standards for gas and blow hole 
defects. (A) Acceptable, and (B) Unacceptable for steel castings. 


not be confused with density differences arising from defects. 
When the radiograph is viewed near a source of diffuse il- 
lumination (usually a bluish-white fluorescent light) the 
difference in film density must be a minimum of 2 percent to 
be considered a defect; that is, the area thought to be defec- 
tive must be 2 percent darker or lighter than the density of 
the film representing the surrounding sound areas. 

When you are interpreting a radiograph, remember that it 
is a shadow picture. Like any shadow cast by an object in a 
visible light source, the radiograph of a specimen containing 
a defect is subject to distortion. As you know, the shadow 
cast by your own body depends on the relative position of 
your body and the light source as well as the orientation or 
geometrical position of the surface upon which the shadow 
is cast. In the same way, the geometrical relationship be- 
tween the source of radiant energy, the defect, and the film, 
determines the extent to which the shadow cast by the defect 
is distorted. 


The principles of shadow formation are illustrated in fig- 
ure 11-19. Note that enlargement and distortion arise in 
several different ways. First, as shown at A, enlargement 
occurs unless the surface upon which the shadow is cast is 
flush with the object itself. The greater the distance between 
the object and the surface, the greater the enlargement. Sec- 
ond, if the angle of the radiating beam or the surface upon 
which the shadow is cast is other than 90 degrees to the object, 
the shadow is distorted as well as enlarged as shown at Æ and 
F, figure 11-12. 

A third cause of distortion stems from the fact that the 
radiating source is not an ideal point source as shown at 
A, Е, and F, but radiates from an area containing innumer- 
able points. As a consequence, a halo effect results, which 
adds to the distortion stemming from other causes. This 
halo effect is minimized by maintaining the proper focal 
distance between the test specimen, the radiating source, and 
the surface upon which the shadow is cast. A comparison 
of B, C, and D illustrates this principle. 

When examining a radiograph, keep the principles of 
shadow formation in mind. Remember also, that the size 
of the shadow cast by a defect that is other than a sphere is 
influenced by the orientation of the beam to the defect. For 
example, if the defect is cylindrical in shape and the beam 
is parallel to the long axis of the cylinder, the shadow cast 
is that of a circle. On the other hand, if the beam is parallel 
to the diameter of the cylindrical defect, the shadow has a 
rectangular shape. In other instances, what appears to be a 
hairline crack may in reality be a cold shut. It is sometimes 
possible to overcome this difficulty by radiographing the 
specimen twice, with the orientation of the radiating sources 
varied 90 degrees from each other. Unfortunately, many 
castings do not lend themselves to this procedure. 

The defects most frequently detected in steel through the 
use of X-ray are slag inclusions, porosity, cracks, shrinkage, 
hot tears, and incomplete fusion in two layers of weld metal. 
Since these defects are less dense than the surrounding steel, 
and thus absorb a smaller proportion of the X-ray beam 


Adapted from “Radiography in Modern Industry,” 
Eastman Kodak Оо. 


Figure 11—12.—Principles of shadow formation. 


passing through the metal, they show up on the radiograph 
as darkened areas. The characteristics of the more common 
defects revealed by a radiograph are briefly described as 
follows: 
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1. Surface roughness appears as irregular light and dark 
areas having smooth contours. 

2. Gas cavities are indicated by spherical or rounded dark 
areas. 

3. Inclusions may appear as regular or irregular, light 
or dark areas depending on the density of the included 
material. 

4. Shrink porosity is indicated by a lacy, honeycombed, 
discontinuous pattern while individual shrink cavities 
appear as localized dark spots. 

5. Cold shuts appear as dark lines or bands that tend to 
be curved. 

6. Cracks are indicated by dark lines of various widths, 
while hot tears are indicated by dark lines containing 
many branches that follow dendrite patterns. 

While the standard plates are valuable guides to determin- 
ing the acceptability of the casting, the individual who views 
the plates must depend a great deal on his experience. Fur- 
ther, he must be sure that the radiograph was properly ex- 
posed and developed. А faulty procedure may well result 
in а negative showing characteristic defects when in fact the 
casting is sound. In a case of doubt, either reject the casting 
or submit it to further radiographic inspection. 

Frequently an unacceptable casting can be salvaged by 
chipping or grinding out the defects and repairing the cast- 
ing by welding. Properly deposited weld metal is every bit 
as sound as properly melted and poured cast metal. When 
a steel casting is repaired, however, it must be re-radio- 
graphed to determine the acceptability of the repaired area. 
Before starting to grind or chip, though, indications of de- 
fects must be interpreted with certainty to avoid grinding 
into or through a perfectly good section. 

In addition to its use as а tool to determine the accepta- 
bility of a given casting, an analysis of radiographs can lead 
to а correction of the condition(s) leading to the defects. 
A radiograph showing the presence of gas indicates that 
something is probably wrong with the melting procedure or 
the gating system, while indications of shrink defects reflect 
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а need for changes in the gating and risering system, or per- 
haps changes in the design of the casting itself. By relating 
the results of your inspection procedures with your molding, 
melting, and pouring procedures, you can improve the over- 
all quality of the foundry product and at the same time in- 
crease production by decreasing the percentage of rejects. 


HEAT TREATMENT 


In the sequence of finishing castings, heat treating is fre- 
quently required prior to final inspection and delivery. As 
a rule, though, it is desirable to eliminate faulty castings 
before expensive machining and heat treating procedures are 
started. Usually a final test and inspection is required after 
all phases of production have been completed. In the case of 
heat treating, some of the operations may be carried out 
before the casting is delivered to the machine shop. Others 
are performed as the last step in the production process prior 
to final inspection. 

The basic principles of heat treatment, its major forms, 
the equipment employed, and the treatments used to improve 
the foundry product were discussed in Molder 3 & 2. Al- 
though there are many industrial heat treating applications, 
those used to improve the mechanical properties of a casting 
are limited to homogenizing, annealing, normalizing, tem- 
pering, and stress relieving. You are already familiar with 
most of these terms and the processes they designate. Here, 
we will make these and other terms more meaningful by 
describing the structural changes that occur within a casting 
during the several heat treatments. Other than stress reliev- 
ing, class A and class B steel castings, carbon molybdenum 
steel castings, and occasionally gray iron castings are the only 
alloys produced in the Navy foundry requiring a heat treat- 
ment. For this reason our discussion will focus on these 
materials. In passing, we will briefly review the specific 
procedures for heat treating steel castings as outlined in 
Navy specifications. 

As you may recall, the purpose of heat treating is to im- 
prove mechanical properties, to make a subsequent machin- 


386 


ing process less difficult to perform, and to relieve residual 
stresses. The need for heat treating or stress relieving cast- 
ings arises from the fact that nonuniform cooling is unavoid- 
able in the production of a casting. As a result of а non- 
uniform rate of solidification, the internal structure of cast 
metal is very heterogeneous in grain size and often in the 
distribution of elements. Аз а consequence, mechanical 
properties may be low and the casting may be difficult to 
machine. Nonuniform cooling, giving rise to unequal con- 
traction of the metal in the mold, results in the development 
of stresses or tensions which weaken the casting. Often 
these residual stresses are sufficient to interfere with the 
service life of the casting. For nonferrous castings, the only 
treatment normally required is stress relieving. As a rule, 
this is also the case with cast iron. However, on occasion, 
cast iron must be annealed. With steel, though, elaborate 
heat treating procedures are necessary to develop its best 
mechanical properties. This means that the internal struc- 
ture must be changed and a more uniform grain size 
developed. | 


Changing the internal structure of a ferrous metal is ac- 
complished by heating the casting to a temperature above its 
transformation or critical point, holding it at that tempera- 
ture for a time sufficient to permit certain internal changes 
to occur, and then cooling to atmospheric temperature under 
predetermined, controlled conditions. Stresses, on the other 
hand, are relieved by heating the part to a temperature 
slightly below the structural transformation range. While 
the metal is held at a specified temperature for a prescribed 
time, the elastic limit of the metal is lowered. Consequently, 
plastic deformation occurs, relieving internal stresses. This 
usually occurs without a change in structure or mechanical 
properties. In some heat treating operations, both struc- 
tural change and the relief of stresses are accomplished at 
the same time. 


Obviously, a knowledge of the critical or transformation 
temperature of the alloy involved is necessary for success in 
heat treating. Just as the solidification range of a given 
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alloy varies with its composition, so does the structural trans- 
formation range of ferrous metals differ. Carbon 18 the 
most important constituent influencing the transformation 
range and the detailed procedure for heat treating ferrous 
alloys. Other elements, of course, have an influence. Some 
tend to raise, others tend to lower the temperature required 
for structural transformation. 

Ап understanding of the changes occurring during trans- 
formation may be gained by considering the several forms 
in which ferrite (carbonless iron) and carbon are present in 
ferrous alloys and the changes that occur when heat is ap- 
plied. In an iron-carbon alloy, the principal constituents 
may be present as crystals of pure iron and carbon (graphite), 
or in combination as crystals of cementite, pearlite, austenite, 
and martensite. CEMENTITE is a glass hard, brittle crystal. 
It is an iron and carbon compound known as iron carbide. 
PEARLITE is a combination or aggregate of ferrite and cement- 
ite in alternate plates or layers. The name stems from the 
pearly luster manifested by the structure when it is observed 
under certain conditions in the laboratory. The presence of 
pearlite leads to increased strength. On the other hand, it 
leads to decreased ability to stretch without breaking because 
pearlite consists of soft ferrite and hard strong cementite. 
When enough pearlite is present, it reinforces the surround- 
ing ferrite. The percentage of pearlite increases as the car- 
bon content increases up to a maximum of 0.80 percent carbon, 
at which point the metal is made up entirely of grains of 
pearlite. With higher percentages of carbon, more and 
more “free” cementite is present, usually arranged in thin 
layers separating the pearlite grains. 

At normal temperatures, pearlite plus ferrite or cementite 
are the constituents present in carbon steel. But the finer 
the ferrite-pearlite grain structure, the greater the tensile 
strength and ductility of the steel. The primary purpose 
of the heat treatment of steel is the development of the in- 
ternal structure that will offer the best physical properties 


for the function the casting i$ to perform. Fine grained 
` Structures are stronger and more ductile than coarse crystal- 
hne ones. 


Structural Changes Occurring During Transformation 


The transformation or critical temperature is that tempera- 
ture at which certain internal structural changes occur while 
the metal is in the solid state. The temperature at which 
these changes occur varies with the composition of the alloy. 
The element commonly having the greatest influence, how- 
ever, is carbon. Its general effect is illustrated in figure 
11-13. As the carbon content of an iron-carbon alloy in- 
creases from zero to about 0.7 percent the transformation 
temperature decreases from 1650? to 1325? F. Additional 
increases of carbon do not further decrease the transforma- 
tion temperature. Thus a 3.25 percent carbon cast iron has 
about the same transformation temperature as а 1 percent 
carbon steel, namely, 1325? to 1350? F. 

When steel is heated through the transformation tempera- 
ture, the following structural changes occur : Ferrite changes 
from a body-centered-cubic atomic structure known as alpha 
iron to а face-centered-cubic atomic structure known as 
gamma iron. The ferrite and pearlite coalesce or grow to- 
gether and carbon begins to dissolve and to diffuse evenly 
through the mass of metal instead of being concentrated in 
areas formerly occupied by pearlite. Thus the coarse crys- 
talline structure existing after solidification is broken up and 
repiaced by a new structure consisting of austenite grains 
having a much smaller size. Carbon is practically insoluble 
in alpha iron but dissolves readily in gamma iron, Ganima 
iron containing dissolved carbon is known as AUSTENITE. 

The structural changes occurring in gray cast iron when 
heated through the transformation range are similar to those 
occurring in steel. The carbon content of gray iron is pres- 
ent in two forms—as free carbon in the form of graphite 
plates or flakes, and as a constituent of the iron-carbide of 
cementite. The cementite exists as isolated crystals and as a 
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Figure 11—13.—Transfermation temperatures ef various steels. 


component of pearlite. When gray iron is heated to and 
through the transformation range, the iron carbide in both 
the cementite and pearlite crystals breaks down into its ele- 
ments—ferrite and carbon—in the form of graphite. The 
presence of graphite gives an iron superior machinability 
characteristics. This graphitization is possible in cast iron 
but not in steel. With steel it is possible only to transform 
the pearlite into a more machinable spherical form. Like 
steel, however, it is the pearlitic structure that imparts high 
strength and wear resistance to the gray iron casting. 

These structural changes do not occur instantaneously 
when the metal attains the transformation temperature. 
The breakup of iron-carbide and the diffusion of carbon re- 
quire time. When such alloying elements as chromium and 
tungsten are present in the steel, transformation is sluggish 
and hence requires a considerably longer time at heat and, 


occasionally, a higher temperature. Consequently, it is im- 
portant that the metal be maintained at the desired heat 
treating temperature long enough to permit the structural 
changes to go on to completion. Ап allowance of 1 hour per 
inch of cross section thickness is usually adequate to permit 
the mass to attain a uniform temperature and effect a com- 
plete rearrangement of internal structure. 


Cooling through the transformation range after а metal 
has been heated to а high temperature is most important. 
Whether the metal is cooled quickly or slowly depends on the 
alloy involved and the purpose of the heat treatment. With 
gray cast iron, slow cooling through the transformation 
range is essential. If gray iron is cooled rapidly through 
the transformation range, the quick cooling causes a refor- 
mation of cementite or pearlite rather than complete separa- 
tion of the carbon as graphite. If this occurs, the machina- 
bility of the casting decreases. 


While cast irons are cooled slowly through the transforma- 
tion range, steels may be cooled slowly or rapidly, depend- 
ing upon the kind of steel involved and the kind of proper- 
ties desired. When steel is cooled slowly, the austenitic struc- 
ture existing above the transformation temperature changes 
back to alpha iron and pearlite. These constituents, how- 
ever, are more evenly distributed throughout the mass of the 
metal, and the grain size is smaller and more uniform than 
before heat treatment. On the other hand, when any but a 
very low carbon content steel is cooled rapidly from above 
the transformation temperature, the transformation of 
austenite to ferrite and pearlite does not occur. Another 
type of structure known as MARTENSITE develops. 'This con- 
stituent consists of alpha iron, containing many submicro- 
scopic particles of carbon or cementite. A martensitic struc- 
ture imparts high strength and hardness to a steel, but makes 
it brittle. 


Heat Treatment of Cast Iron 


Of the several alloys produced in the Navy foundry, the 
ferrous metals are the only ones that are heat treated. A 
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stress relief treatment, however, may be used to advantage 
with nonferrous metals as a means for obtaining dimensional 
stability. Stresses arise from differential cooling and the 
resistance of the sand to contraction of the casting. No 
casting is entirely free of internal stress. Even a casting 
having a simple design and uniform thickness has some in- 
ternal stress, since the surface cools more rapidly than the 
interior. In this case, though, the stresses are negligible 
and do not interfere with the serviceability of the casting. 
When sections of the casting differ in size and in cooling 
rates, the internal stresses that develop may be sufficient to 
cause the casting to crack when it is placed in service. Аза 
consequence, many specifications require that castings be 
stress relieved even though heat treating is not required. 


STRESS RELIEVING involves temperatures below the trans- 
formation point of ferrous metals. The main factors are the 
temperature of the treatment and the time the part is held 
at that temperature. Stress relief becomes more effective as 
the temperature is increased. With gray cast iron, the per- 
centage of stress relief at temperatures below 750° F is negli- 
gible. Above this temperature, the percentage of residual 
stress relieved increases rapidly with increases in tempera- 
ture. Since structura] changes resulting in property changes 
begin to.occur at temperatures around 1000? F, and since 
interna] structural changes аге not usually desirable in gray 
cast iron, the stress relief temperature selected should give 
the greatest possible stress relief with the least possible 
change of properties. The temperature best suited for the 
stress relief of gray cast iron is 950? F. At this temperature 
from 60 to 90 percent of the original internal stress is re- 
lieved, and à minimum of structural change occurs. 

The stress relief treatment of gray cast iron is accom- 
plished by heating the casting slowly and uniformly to a 
temperature of at least 900? F and not over 950? F. Allow 
the part to remain at the desired temperature (holding or 
soaking) no less than 1 hour for each inch of thickness of 
the thickest section. Then allow the part to cool very slowly 
in the furnace to approximately atmospheric temperature. 
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Since the majority of stress relief occurs during the first hour 
after the part attains the proper temperature, it is essen- 
tial that hold time be counted from the time the casting, not 
the furnace, reaches the stress relieving temperature. 

Another essential factor is slow cooling. If the part is 
cooled rapidly, new internal stresses develop. The proper 
cooling rate, like hold or soak time, depends on the thickness 
of the casting. The thicker the casting, the slower the cool- 
ing rate required. А suitable rate for a casting having а 
1-inch wall thickness is 400? F per hour. For other thick- 
nesses, divide this rate by the thickness of the heaviest sec- 
tion. Thus, a 14-inch section may be cooled at a rate of 
800? F per hour while a 2-inch section requires cooling at a 
rate of 200? F per hour. 

Temperatures as low as 500? F to 600° F will relieve most 
stresses in brass, bronze, and aluminum castings. Slow, 
uniform cooling is essential to avoid the redevelopment of 
internal stresses. 

ANNEALING differs from stress relieving. The latter in- 
volves heating to а temperature BELOW the transformation 
range. Annealing involves heating to а temperature ABOVE 
the transformation. In stress relieving, structural changes 
do not occur, nor are they desired. In annealing, structural 
changes leading to different properties are desired. 

With the grade of gray iron produced in а Navy foundry, 
annealing is mainly used in emergencies. Annealing is re- 
quired only when an off analysis heat is produced, or when 
a casting has chilled too rapidly in the mold. The need for 
annealing gray cast iron is usually revealed by hardness 
tests, or by machining difficulties in the machine shop. When 
hardness exceeds 300 Brinell (31 Rockwell C) annealing is 
usually necessary to facilitate machining a gray iron casting. 
Bear in mind that an annealed gray iron casting differs con- 
siderably from an unannealed casting of the same composi- 
tion. Tensile strength is reduced from 10 to 30 percent, 
hardness decreases from 30 to 150 Brinell points, and sur- 
face wear resistance decreases proportionately with the de- 
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crease in hardness. However, the process increases machin- 
ability and improves toughness. 

Gray iron castings heated to temperatures above the trans- 
formation must be cooled slowly through the transformation 
range. In rapid cooling through the transformation, gra- 
phitic carbon goes into solution in the iron and may separate 
out as pearlite. Once the gray iron has been cooled slowly 
through the transformation, the rate of cooling has no influ- 
ence on the annealed condition of the part. Further slow 
cooling below the transformation range is necessary, though, 
to avoid the development of stresses. 

The effect of annealing on the structure of gray cast iron is 
to transform iron carbide to ferrite and graphite. Up to a 
temperature of about 1150? F, the amount of transforma- 
tion is negligible. Above this temperature and up to 1400? F 
the amount of transformation increases rapidly, the proper 
temperature for annealing gray cast iron varies from 1200? 
to 1400? F, depending on the chemical composition of the 
metal. 

The annealing temperature for a gray iron of a given an- 
alysis may be determined by considering the percentage of 
silicon and manganese present. The former raises the trans- 
formation temperature, the latter lowers it. Assuming that 
the transformation temperature for а pure iron-carbon alloy 
is 1846? F, the transformation temperature of a particular 
gray iron is approximately 1346? F plus 50? F for each per- 
cent of silicon present minus 45? F for each percent of man- 
ganese present. Assume that a given iron contains 1.8 per- 
cent manganese and 0.1 percent silicon. The critical temper- 
ature is about 1999? Е; that is, 1846+ (50 0.1) — (45 1.3) 
of 1346-5 — 58.5. 

The time at temperature must be sufficient to permit the 
transformation to go on to completion. When the heating 
temperature is below 1300? F, a hold time allowance of 1 
hour per inch of cross section is required; at temperatures 
between 1300? and 1400? F, 45 minutes per inch of cross sec- 
tion is sufficient. 
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Heat Treatment of Cast Steel 


Stress relieving is the normal heat treatment for cast iron; 
annealing is almost an emergency procedure. This is not 
the case with cast steel. Here а whole series of treatments 
including both annealing and stress relieving are required. 
In fact, to develop the best mechanical properties in a steel 
casting, heat treatment of some sort is required. As-cast 
Steel is not а suitable product for use as strength members. 
The treatment may involve homogenizing, annealing, nor- 
malizing, heating and quenching, tempering and stress re- 
lief. Not all of these treatments are required for a given steel 
casting. The treatments selected depend upon the class of 
steel from which the casting is made and the stresses it is 
expected to resist. For particular applications, the cogni- 
zant bureau outlines the heat treatment and the temperatures 
to be applied. These instructions may require one or more 
of the treatments listed previously. 

Certain steel castings subjected to severe dynamic or fa- 
tigue stresses in service are given а HOMOGENIZATION treat- 
ment prior to the more usual annealing, normalizing and 
tempering, or quenching and tempering treatments. Ho- 
mogenization involves heating the casting to a temperature 
well above the transformation range for a relatively long 
time, followed by cooling through the transformation range, 
in still air. The purpose of this treatment is to eliminate 
or decrease the nonuniform distribution (segregation) of 
chemical elements and to develop a more uniform grain struc- 
ture than that which exists in the as-cast steel. The high 
homogenization temperature (1850° to 2350° F) permits 
carbon to diffuse uniformly throughout the metal. The 
higher the temperature, the greater the rate of carbon diffu- 
sion. Theoretically, higher temperatures require less time 
for the diffusion process to go on to completion. In practice, 
though, a hold time of 1 hour per inch of cross section thick- 
ness 1s the rule. 

After holding the material at the homogenization tem- 
perature for the time required to thoroughly break up the 
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as-cast structure, the castings are removed from the furnace 
апа permitted to cool in still air through the transforma- 
tion to approximately 1300? F. Air cooling through the 
transformation from the homogenization temperature pre- 
vents а reversion of structure. Immediately following this 
step, return the casting to the furnace and proceed with the 
next heat treatment specified. Homogenization must be fol- 
lowed by one of the treatments discussed in the following 
paragraphs. 

Annealing steel castings is accomplished by heating uni- 
formly at a controlled rate to а temperature between 50? 
and 150? F above the transformation range. The castings 
are held at this temperature for a suitable time and then 
slowly cooled in the furnace. A heating rate of 150? to 200? 
F per hour is recommended. For the class of steels produced 
in Navy foundries, use an annealing temperature between 
1525? and 1600? F. After holding at temperature, permit 
the casting to cool slowly in the furnace until its tempera- 
ture has decreased to 750? F. Cooling may be accelerated at 
this time. When the temperature of the hottest part cools 
to 500? F, the casting may be removed from the furnace 
and cooled in still air. Annealing produces castings having 
good ductility, but tensile values thus obtained are not as 
great as those produced by other heat treatment processes. 

NORMALIZING differs from annealing only in the manner 
of cooling. The casting is heated to a temperature at least 
100? F above the transformation. Then, after sufficient hold 
time, it is removed from the furnace and cooled in still air. 
The cooling rate in this procedure is not drastic enough to 
be considered a quenching or hardening process. Conse- 
quently, the austenite transforms to pearlite rather than 
martensite. Since small parts cool faster than large, the size 
of the section influences the structure and thus the physical 
properties resulting from normalizing. 

Following normalizing, steel castings require TEMPERING. 
This treatment removes stresses set up in the casting during 
the nonuniform cooling occurring in normalizing or liquid 
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quenching. The process involves heating at a controlled rate 
to between 1100? and 1950? F, holding approximately 1 
hour per inch of section thickness, followed by cooling in a 
predetermined manner. Common practice involves furnace 
cooling to 750? F followed by cooling in still air. 

Occasionally, quenching in water from the tempering tem- 
perature is specified for steels subject to embrittlement while 
cooling from the tempering temperature. For steels having 
an analysis which differs from those of Navy class А and 
class B steels (especially tool steels), the temperature and 
procedure vary considerably from that described herein. 

When the processes of annealing or normalizing will not 
produce the desired mechanical properties in a steel casting, 
& QUENCHING procedure may be specified. Here the metal 
is heated uniformly as in annealing or normalizing and then 
cooled rapidly to а temperature well below the transforma- 
tion (about 500? F). "This rapid cooling transforms austen- 
ite to а martensitic structure, which is associated with high 
strength and hardness. 

The transfer from furnace to quench tank must be made 
rapidly. Tanks must be large enough to prevent a rise in 
the temperature of the quenching liquid of more than 20? 
F during the quenching process. The quenching liquid used 
has an influence on the results. With water there is а marked 
difference between the cooling rate at the surface and the 
interior of the part. In oil, the cooling rate at the surface 
is slower, but the difference between exterior and interior is 
less pronounced. Oil quenching thus develops greater uni- 
formity throughout the casting. Following quenching, the 
casting is tempered to relieve stresses developed during the 
cooling procedure. 

STRESS RELIEVING is not applied to steel castings that have 
been normalized and tempered or quenched and tempered 
unless they have been cold straightened or repaired by weld- 
ing. The stress relieving temperature applied is at least 50° 
F, but not more than 100° F, below that of the preceding 
tempering temperature. A temperature of 750° F re- 
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lieves about 50 percent of the stress while а temperature of 
1000? F relieves more than 90 percent. 

The treatment or series of treatments you select will be 
determined by the properties desired. Annealing produces 
& ductile casting; normalizing or quenching followed by 
tempering and stress relieving develop strength and hard- 
ness. For most uses to which steel castings are put, normal- 
izing followed by tempering develops the most advantageous 
internal structure and physical properties. 


SUMMARY 


This chapter discusses the procedures involved in the pro- 
duction of а casting after the metal has been poured in the 
mold. Although major emphasis is placed on inspection 
methods and heat treating, we saw that shakeout is much more 
important than it would seem to the casual observer. Pre- 
mature shakeout may lead to distortion of the casting. It is 
essential that cooling has progressed to certain maximum 
temperatures prior to shakeout: 1900? F for steel, 500° F 
for aluminum, and at least 1000? F for other alloys. 

All adhering molding sand should be removed by chipping 
or wire brushing before subsequent cleaning processes are 
employed. If this is not done the efficiency of riser and gate 
removal tools are diminished and blasting materials are con- 
taminated. Since sand is an insulator it interferes with oxy- 
acetylene operations and heat treatment. Gates and risers 
may be removed in a variety of ways—sledging, burning, 
chipping, sawing, or cutting with an abrasive wheel. The 
methods you use will depend on the equipment available and 
the type of metal involved. Stubs and fins are removed by 
grinding. 

Occasionally, the cleaning process may involve pickling as 
well as the more usual processes of riser removal and shot or 
sand blasting. Pickling may be required to remove scale ad- 
hering to castings that are to be galvanized or otherwise. 
coated. The solutions employed are mixtures of sulfuric, 
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muriatic, nitric, or hydrofluoric acids and water. Thorough 
rinsing in water, soap and water, or soda solution, after pick- 
ling is necessary to neutralize the effect of the acid. If you 
work with acids, wear protective clothing and handle the 
solutions cautiously. 

Inspection and testing techniques are used to detect sur- 
face and internal defects. Blows, scales, buckles, misruns, 
spalled areas, and defects due to а shift of mold parts are 
readily detected by visual inspection. Hairline surface 
cracks, gas pockets, inclusions, internal shrinkage and similar 
internal defects are detectable only through the use of spe- 
cial equipment and techniques; namely, the sonic reflecto- 
scope, radiograph, magnetic particle, and fluorescent pene- 
trant. The principles of each of these inspection methods 
were presented. While you may or may not have occasion 
to operate the equipment you will be concerned with the in- 
terpretation of the results obtained. Use these results not 
only to accept or reject а given casting, but also to determine 
the cause of the defect and to find a solution to the problem 
so that it may be eliminated in the future. | 

Both internal and surface defects in all kinds of metal 
can be detected with an ultrasonic reflectoscope, by magnetic 
particle inspection, or radiographic equipment. When sur- 
face defects are of major interest, magnetic particle or fluo- 
rescent penetrant inspection techniques are more appropriate, 
easier to conduct, and less difficult to interpret. Magnetic 
particle inspection is limited to ferrous alloys that can be - 
magnetized. Fluorescent penetrant inspection is intended 
primarily for nonferrous alloys and austenitic steels. 

The chapter concludes with a discussion of heat treating. 
Particular attention is given to the structural changes that 
occur in an iron-carbon alloy when the metal is heated to a 
temperature above the critical or transformation tempera- 
ture. Heat treating is performed to improve mechanical 
properties, to make а subsequent machining operation less 
difficult, or to relieve residual stresses arising from unequal 
contraction during cooling or from cold working or straight- 
ening operations. To relieve stresses, temperatures below the 
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transformation range are employed. To improve or alter 
properties it is necessary to effect structural changes by heat- 
ing to a temperature above the transformation point. 

Stress relieving is the only heat treatment normally given 
to nonferrous and gray iron castings, though in some cases it 
may be necessary to anneal cast iron. Cast steel, though, 
always requires one or more of the several heat treatments. 
These treatments may include homogenizing, annealing, nor- 
malizing, quenching, and tempering as well as stress reliev- 
ing. The treatments given a steel depend on the use to which 
the casting is to be put and the Navy specifications govern- 
ing the class of steel involved. 

The details of the heat treating procedures used with gray 
iron and steel castings were presented. For gray iron, stress 
relieving is the most frequent treatment. Generally, the 
most suitable properties in а steel casting result from the 
internal structure developed by a normalizing procedure fol- 
lowed by tempering. 


QUIZ 


1. How large a stub should remain on steel castings whose gates 
and risers are removed by burning or melting? 

2. Why is the use of the sledge not always a satisfactory method 
of removing risers from gray iron castings? 

3. When is a pickling process employed on castings? 

4. What is the basis of ultrasonic testing? 

5. How is & ferrous casting magnetized for magnetic particle inspec- 
tion? 

6. Which type of current, alternating or half-wave rectifled direct, 
is more sensitive in magnetic particle inspection? 

1. Upon what does the current amperage depend when using the 
prod method of magnetic particle inspection? 

8. What factors help the inspector interpret the indications obtained 
in a magnetic particle inspection? 

9. What is the function of the dry powder “developer” used in 
fluorescent penetrant inspection? 


10. How should a pockmark indication be interpreted in a fluorescent 
penetrant inspection? 
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11. 


13. 


14. 


15. 


16. 


How does fllm density form the basis for detecting defects in 
radiographic inspection? 


. How are X-rays generated? 


Why is distance from the radiating source the best radiation safety 
precaution? 

What basic publication is used as a guide to interpret radiographs 
and to accept or reject steel castings? 

Name the factors that cause distortion in the shadow cast by an 
object (or defect) within the beam of a radiating source. 

What defects are most frequently detected in steel castings by 
X-ray inspection? 


. How сап the results of the several inspection procedures be used 


to advantage in addition to detecting faulty castings? 


. What is the purpose of heat treating? 

. How is the internal structure of a ferrous metal altered? 

. What is cementite? Pearlite? Austenite? 

. What is the effect of the presence of graphite in cast iron? 

. In ferrous metals, how does а stress relieving process differ from 


annealing? 


. What determines the heat treatment processes selected for a given 


Steel casting? 

What combination of treatments usually develops the most satis- 
factory internal structure and physical properties in а steel 
casting? 
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CHAPTER 





SAFETY IN THE FOUNDRY 
RESPONSIBILITY 


An efficient organization has an excellent record of ac- 
complishment. But more than that, this production record 
was established and is maintained with a minimum of acci- 
dents. No organization is more conscious than the Navy 
of the need for the benefits to be derived from a policy which 
furthers the health and welfare of its personnel. As a con- 
sequence of this policy, all naval activities conduct accident 
prevention programs and strive to adopt operating and 
working procedures which do not expose the individual un- 
necessarily to injury or occupational health hazards. 

Responsibility for safety is à command function. While 
this responsibility cannot be delegated or passed on to some- 
one else, the authority that accompanies responsibility can 
and is delegated to subordinates. Supervisory personnel are 
under orders from and are responsible to the commanding 
officer to see that safety precautions are observed in their 
own work areas. In other words, it is your responsibility as 
& first class or chief Molder not only to know the applicable 
Safe practices and to follow them yourself, but also to en- 
force the safety precautions established for foundry opera- 
tions. Аз a supervisor you have the further responsibility 
of training your men in safe operational procedures and in 
the use of personal protective equipment. 
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А Program for Safety 


About 80 percent of all accidents are the result of care- 
lessness. Only а relatively small portion of the injuries 
received by foundry personnel can be traced to the failure 
of equipment. Obviously, eliminating carelessness will 
greatly reduce the accident rate. Nevertheless, equipment 
must be maintained in tiptop condition. Just as important, 
though, is the way in which the available tools and machin- 
ery are used. This is governed largely by knowledge of the 
correct operating and working procedures and the attitude 
of the individual workman. 

Your preventive maintenance and inspection program (see 
chapter 3) should eliminate the possibility of equipment 
failures. The instruction you provide for strikers and junior 
petty officers through on-the-job training and more formal 
types of instruction (see chapter 1) should provide your men 
with the knowledge and skill necessary to operate equip- 
ment and perform assigned tasks efficiently and safely. This 
training, however, must point out the danger areas of a 
machine and must make it clear to the man how he can be 
hurt if improper methods are used. Effective training helps 
develop work habits that prevent accidents. 

Training for knowledge and skill is an important part of 
your job. But developing wholesome attitudes toward 
safety is equally important if accidents and injuries are to 
be avoided. It’s your job to make your men want to be safe . 
workers and to appreciate the value of the safety equipment - 
provided, to understand that they personally benefit by ob- 
serving safety precautions. On the surface this may appear 
to be a simple task. In practice, though, the task is far from 
simple, primarily because it often involves changing atti- 
tudes or deeply rooted ways of thinking and doing things. 

Men frequently have the idea that “the other fellow may 
get hurt, but it can’t happen to me.” Others think playing 
it safe is “being sissy” or that an accident is an “act of God.” 
These attitudes are undesirable. When they exist, it’s your 
job to break them down and replace them with a picture of 
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the personal benefits to be derived from safe practices. 
Often, this can be accomplished by playing on the emotions 
as well as the intellect of the individual. Show him how an 
injury will curtail his off-duty pleasures. Show your men 
that а safety program is important for their own well-being 
and not merely for the purpose of establishing a good safety 
record. 

Safety must be stressed constantly. Laxness in enforcing 
safety regulations will lead to carelessness, especially when 
there has been a relatively long period without a mishap. 
And carelessness, as we noted previously, is at the root of 
the vast majority of accidents. Violations of a safety pre- 
caution should not be permitted to occur. А pair of goggles 
worn on the forehead during even the briefest instant of a 
grinding or chipping operation won't stop a flying particle 
heading for the eye. Constant vigilance for hazardous con- 
ditions and instilling safety consciousness in your men is а 
primary function of shop supervision. Without vigilance 
on your part and safety consciousness on the part of your 
men, the safety program will be ineffective. 


Accident Prevention 


Ап accident prevention program must endeavor to pre- 
vent all accidents, not only those that result in serious in- 
jury. Frequently а dangerous incident occurs, but since 
nothing serious has resulted, no report is made nor any 
thought given to the incident. It is your duty to investigate 
the cause of all accidents and eliminate the possibility of 
their recurrence. The investigation must be made con- 
scientiously, with the full cooperation of all the men in the 
foundry. 

It is a physical impossibility for any one individual to be 
on the spot every time а mistake in operational procedure 
or ап accident occurs. You've got to have the cooperation 
of every man in the gang or you won't get the word about 
an accident—unless someone is injured seriously. For that 
reason, it is of utmost importance that you impress upon 
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your men the need for reporting all accidents and their 
cause. Then find а way to prevent а repetition of the inci- 
dent. If nothing is done to prevent an accident from re- 
curring, the sick bay is likely to have a patient the next time 
the incident occurs. 

It is а human trait to cover up а mistake, especially when 
the individual at fault knows that he will be severely repri- 
manded. You can overcome the tendency to cover up acci- 
dents and mistakes by showing а sincere desire to help 
remedy the cause. Have а sympathetic understanding of 
the problem, and develop a procedure that will eliminate the 
cause of the mistake or accident. Remember, each time а 
mistake is made an accident is possible. No accident is in- 
tentional. With proper instruction and training, you can 
eliminate the mistakes that frequently are the cause of ac- 
cidents You’ve got to convince your men that your acci- 
dent prevention program is for the best interests of all hands 
in the foundry, and that each individual will benefit. 

There isn't а magic formula that will produce a successful 
safety program. Each shop, each job, each operation has 
its peculiar problems. You'll have to analyze your men, 
materials, tools, and equipment. Check the danger spots and 
provide adequate guards, signs, and machine-tool operating 
instructions. 

Good shop housekeeping goes a long way toward prevent- 
ing accidents. Tools, equipment, and materials not actu- 
ally in use should be stowed. Passageways must be kept 
clear to prevent accidents resulting from tripping or stum- 
bling hazards. Combustibles and waste materials constitut- 
ing fire hazards must not be permitted to accumulate. 

Before you assign a man to any job, assure yourself that 
he is both physically and emotionally fit to perform the job 
in a safe and efficient manner. À man who is ill, or one who 
has received bad news from home, is unable to keep his mind 
on his work. If he isn’t up to par, he’s likely to dope off and 
get hurt because his reactions are slow. Mental alertness 
is of prime importance. А man can think clearly and keep 
his mind on his work only when he is in good shape. А good 
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supervisor knows his men, knows when they are fit, and 
makes assignments accordingly. 

Of major importance in accident prevention is the proper 
use of appropriate protective equipment. To ensure that 
protective equipment is used properly, instruct all men in the 
shop in its use, adjustment, and care. Have each individual 
demonstrate his knowledge of and ability to use the safety 
equipment provided for foundry operations. Then insist 
that the equipment be used whenever the task performed 
makes its use advisable. Along with an insistence on the use 
of protective gear like Shoes, leggings, respirators, goggles, 
and gloves, as the work situation requires, insist on properly 
worn work clothes. Loose fitting or torn clothing is easily 
caught on projections such as flask handles, or by moving 
machinery. 


FOUNDRY HAZARDS AND THEIR CONTROL 


In some respects, the hazards encountered in the foundry 
are similar to those that exist in other shops. Other hazards 
are peculiar to the foundry. Stumbling, tripping, slipping, 
and falling object hazards may exist in any work space. 
Good housekeeping and carefully stowed materials will 
eliminate these hazards. Any shop in which personnel are 
engaged in grinding, chipping, wire brushing, or welding is 
an eye hazardous area. Screens and goggles are necessary to 
control flying particle hazards. 

Any job in which heavy or bulky objects must be moved 
involves the possibility of rupture and/or hernia resulting 
from straining during lifting. Teach your men to lift weight 
properly by using their legs instead of their backs. To lift 
a load, stand close to the load with feet solidly placed and 
slightly apart. Then, with the knees bent, grasp the object 
firmly and lift by straightening the legs, keeping the back 
as nearly vertical as possible. Do not attempt to lift beyond 
your capacity. Get help or use a mechanical lifting device. 

The foundry alone handles large volumes of molten metal. 
This single fact tends to make the foundry a potentially haz- 
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ardous place in which to work. Molten metal may become 
& threat to individual well-being during any stage of the 
casting process—melting, tapping, or pouring. The extent 
to which molten metal is a hazard, however, depends on other 
conditions in the foundry, especially the extent to which the 
rules of good housekeeping are observed and the amount of 
teamwork involved in tapping and pouring operations. We 
will consider the hazards stemming from molten metal in 
greater detail when we list and discuss safe practices in melt- 
ing and handling molten metal. Remember, however, that 
no man should be permitted to assist in handling molten 
metal until he knows what to do and how to do it. 


Safe Molding and Core Making Practices 


1. Dress properly. Wear safety shoes at all times. When 
molding or core making, wear а short-sleeve shirt or roll 
your sleeves above the elbow. Avoid loose ends that can be 
caught on flasks or other equipment. Torn, ragged, or im- 
properly worn clothing can cause mishaps leading to serious 
injury. 

2. Avoid the use of improperly tempered molding sand. 
Excess moisture will cause molds to “blow” when metal is 
poured into them. When the shovel is not in use, stick it 
into the sand pile. If permitted to lie on the floor it becomes 
& stumbling or tripping hazard. Always carry the shovel 
with the blade down, not with the blade over your shoulder. 

3. Keep you working station in order. Falling tools can 
result in injuries as well as destruction of your mold. Se- 
curely stack flasks, mold boards, core plates, and mold 
weights, in an orderly manner so that they will not fall. Do 
not grab a core plate until you are sure it is not hot. Mark 
objects “нот” as a warning to others. Burns result from 
carelessness. 

4. Use gaggers, core wires, vent wires, and other molding ~ 
tools and materials carefully. Avoid pricking or cutting 
your hands on sharp edges. Wear safety goggles when com- 
pressed air is used in molding and core making operations. 
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Apply the jet carefully to avoid blowing sand in a shop- 
mate’s eyes. Never blow compressed air at anyone, to clean 
clothes, or to cool off a person. 

5. When rolling cores and molds over, use the proper 
rollover method to avoid wrenching your wrist. Get assist- 
ance and/or use a hoist to roll over large core boxes and 
flasks, Do not work underneath molds suspended from 
cranes or hoists. Always place the molds on tripods or sub- 
stantial horses when such work is necessary. Keep feet and 
hands from under flasks and core boxes. 

6. Be sure that electrical equipment—mixers, vibrators, 
riddles, etc.—are grounded. Exercise care to avoid electric 
shock. Equipment safety guards must be in place before 
any power equipment is operated. 

T. Refrain from practical jokes, tricks, and horseplay. 
Too frequently serious injuries result from an innocent joke. 
This rule must be enforced in all foundry operations. 


Safety Precautions for Furnace Operators 


1. Wear gloves and goggles when chipping cold slag from 
furnace linings. When intensive chipping is required, as 
when removing an old lining, clear-lens safety goggles are 
necessary. Respirators may be required to prevent dust 
inhalation. 

2. In addition to safety shoes and close-fitting work 
clothes, the furnace man must wear safety goggles at all 
times while tending the furnace. When looking into the 
furnace to observe the progress of melting, wear safety 
glasses having special colored lenses. 

3. Follow the proper sequence when lighting off furnaces 
and ovens. The operating sequence and special warning 
signs should be posted conspicuously near the furnace. 

4. Be sure that crucibles are in good condition, that they 
are stored in а dry place, and that they have been preheated 
slowly to 250? F immediately before being placed in a fur- 
nace. Keep a tally of the number of heats run with a given 
crucible. In a tilting furnace as many as 50 heats are pos- 
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sible; but, if tongs have been used, crucibles are usually good 
for only about 15 heats. Always check crucibles for fiaws. 
Never use improperly fitting tongs. It is a good idea to have 
a piece of solid cast iron the size and shape of the crucible 
around which to shape tongs. Follow the proper crucible 
and furnace charging melting and topping procedures. 

5. Keep the area around the furnace dry. The area under 
a furnace must be covered by а heavy layer of dry sand. Do 
not permit moisture to collect, Do not add damp or wet 
metal to & furnace, crucible, or ladle of molten metal; be 
sure that the ladle is thoroughly dry. Any of these condi- 
tions in which molten metal comes in contact with water or 
moisture will result in an explosion, making the metal splat- 
ter and fly around. Such an explosion may result in serious 
injury to foundry personnel. 

6. Bull ladles and crane ladles should always have a posi- 
tive, automatic locking device which should never be unen- 
gaged except while the ladle is being tilted to pour а mold. 
The center of gravity of a full ladle should always be lower 
than the trunnion support. | 


Precautions for Handling Molten Metal 


1. Safety goggles tinted to neutralize glare, safety shoes, 
and special foundry leggings must be worn by all personnel 
engaged in tapping furnaces and handling molten metal. 
Do not wear gauntlet type gloves while pouring. Splashed 
metal may lodge in the cuff of the glove and cause a serious 
burn. 


2. Ladles, skimmers, and all equipment used in tapping and 
pouring operations must be thoroughly dry. Take extraor- 
dinary precautions to eliminate the possibility of contact be- 
tween molten metal and moisture. 

3. Be sure that the passageway between the furnace and 
the molds is clear and that every man on the pouring team 
knows what to do and how to do it. If there is any doubt, 
conduct some dummy run drills. It doesn’t pay to take 
chances. 
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4. Never walk backward or run forward when carrying а 
ladle of molten metal. When pouring, keep your feet at a 
safe distance from the mold in case а runout should occur. 
Do not place your face directly over sprues or risers. 

5. When carrying a ladle of molten metal, concentrate on 
that task alone. Never change the position of your hands 
on the shank without first setting the ladle on the floor. Even 
if your clothing should catch fire, keep calm; first, set the 
ladle securely on the floor, then smother the fire. То act 
otherwise subjects others as well as yourself to the possibility 
of severe burns. Do not attempt to carry а ladle in which 
metal is boiling. 


Precautions During Cleaning 


1. Wear the appropriate protective clothing designed for 

the job you are doing. In this connection, safety shoes are 
a must. Goggles are mandatory when chipping, grinding, 
wire brushing, and sand or shot blasting. Wear a respirator 
when working in a dusty atmosphere to prevent the develop- 
ment of silicosis. Gloves save many scratches and cuts when 
handling and cleaning castings. They should not be worn, 
however, during grinding operations or when working on 
moving machinery. 
. 9. Castings should be ground on the face of the emery 
wheel, never on the side. To do so wears the wheel exces- 
sively and may cause it to shatter. Grind only with an emery 
wheel that is running true. Be sure that the guards are in 
place and that the tool rest of stationary grinding wheels is 
properly adjusted. Do Nor MAKE ADJUSTMENTS WHILE THE 
WHEEL IS IN MOTION. 

3. During grinding, chipping, or welding operations, place 
а screen in position to prevent chips of metal from striking 
fellow workers. 

4. Use tools that are in first class condition. Hammers 
with loose heads or split handles should be repaired or dis- 
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carded. Avoid the use of chisels with mushroomed heads. 
Be sure that files have а properly fitted handle. 

5. Never work on а casting suspended from a crane or 
hoist. Set it firmly on the floor or on a solid bench. Hold 
all tools firmly, especially portable wire brushes and grinders. 
Keep the body away from the wheel to avoid injury in the 
event that control is lost. When portable power tools are 
not in use, they should be disconnected from the power source. 
Stationary machinery must not be permitted to run 
unattended. 

6. When acids are used in cleaning or pickling, they must 
be handled cautiously and suitable protective clothing must 
be worn. | 


Sources of Safety Information 


The principal sources of safety information are the United . 
States Navy Safety Precautions, OpNav34P1, and the U. S. 
Navy Manual of Safety Equipment, NavExos P-422. In the 
former publication, chapter 13, section 2, deals specifically 
with foundry safety. Other chapters, however, are equally 
important. You should be familiar with chapters 1, 2, 11, 18, 
16, 17, and 19. These chapters discuss the basic precepts of 
safety: housekeeping, hygiene, materials handling, storage, 
welding and cutting, metal working, portable tools, and radio- 
logical safety, respectively. The latter publication provides 
information on and detailed instructions for the use of safety 
equipment. In addition to these two publications, important 
safety precautions relating to the operation and maintenance 
of foundry equipment is contained in the instruction manuals 
furnished with your equipment. Still another source of in- 
formation is the Safety Review published by the Safety 
Branch, Office of Industrial Relations. Up-to-the-minute 
safety hints are available through this monthly medium. By 
utilizing these sources of information to develop a sound 
safety program you can minimize, if not eliminate, the haz- 
ards of foundry work. Make the foundry a safe place to 
work. Make your men want to be safe workers. 
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SUMMARY 


The Navy is concerned about the health and welfare of its 
personnel and strives to adopt operating and working pro- 
cedures that eliminate accidents and health hazards. While 
responsibility for safety is а command function, each shop 
supervisor must see to it that safety precautions are observed 
in his work area. Leading petty officers are not only responsi- 
ble for adhering to and enforcing safe practices, they are also 
responsible for training men in safe operational procedures 
and the use of protective equipment. Ап important part of 
this training involves developing wholesome attitudes to- 
wards safety which will serve to eliminate carelessness, the 
principal cause of accidents. 

Safety consciousness on the part of your men may fre- 
quently be developed by appealing to the emotions as well as 
the intellect ; that is, showing them how an injury will curtail 
their off-duty pleasures. Stress the fact that safety is for 
their benefit. Without the cooperation of all men in the shop 
to eliminate the causes of all accidents, а safety program has 
little chance of success. Just as important as cooperation on 
the part of your men is vigilance for safety hazards, and con- 
stant, strict patrol and enforcement of safety rules and 
regulations. 

An orderly, shipshape shop is а prerequisite for safety. 
Have a place for everything. When not in use, keep every- 
thing in its place. Improperly stowed tools, equipment, and 
materials lead to hazards which become the cause of acci- 
dents. When you assign а man to а job be sure he knows 
how to do it correctly and safely ; be sure that he is physically 
and emotionally fit. 

Violations of safety rules should not be permitted to occur. 
When the job requires protective equipment—shoes, leg- 
gings, goggles, respirators, or gloves—it is the supervisor's 
job to see that this equipment is worn properly. When an 
accident does occur, find and eliminate the cause to prevent 
its recurrence in the future. 

Slipping, tripping, stumbling, falling objects, and lifting 
hazards are potential sources of injury in any work area. In 
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addition to these hazards, foundry personnel engaged in 
chipping, grinding, wire brushing, and sand- or shot-blasting 
operations are subjected to flying particle hazards which 
may lead to eye injuries unless the proper precautions are 
taken. In some instances respiratory disturbances such as 
silicosis may result from the dust-laden atmosphere that 
exists during shakeout or when a furnace lining is being re- 
moved. Respiratory hazards are eliminated by adequate 
ventilation and through the use of respirators. 

Probably the greatest potential threat to personal well- 
being in the foundry is the fact that large volumes of molten 
metal are handled. Careful handling by men sufficiently 
trained so that they know what and how to do their assigned 
tasks and to work effectively as members of the metal hand- 
ling team, is the best insurance for avoiding accidents in- 
volving molten metals. Take extraordinary precautions to 
eliminate the possibility of contact between molten metal 
and moisture. Should such contact occur, ап explosion is 
sure to result in flying splatters of molten metal. 

The major safety precautions to be observed in molding, 
core making, melting, molten meta] handling, and cleaning 
castings were pointed out in this chapter. These precau- 
tions supplemented by information in such publications as 
the United States Navy Safety Precautions, U. S. Navy 
Manual of Safety Equipment, Safety Review, bureau tech- 
nical instructions, and equipment operating manuals, will 
provide the data with which you can develop an adequate 
safety program. Make your foundry a safe place to work. 
Make safety the rule first, last, and always. 
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QUIZ 


Who is responsible for safety at naval activities? 

What is the major cause of accidents? 

How can a change in attitude toward safety on the part of your 
men be obtained? 

Why is it necessary to investigate and determine the cause of all 
accidents, no matter how slight they may be? 


. What is meant by “коой housekeeping" in the foundry? 


Why is properly worn, good fitting work clothes essential in the 
foundry? 


. How should a mold be positioned when it is necessary to work 


underneath the flask? 


. Why must the presence of moisture be avoided when metal is 


melted or handled? 


. What protective equipment should be worn by personnel engaged 


in tapping furnaces and handling molten metal? 
Why must grinding on the side of an emery wheel be avoided? 
What publications are the principal sources of safety information? 


414 


APPENDIX 1 


ANSWERS TO QUIZZES 


CHAPTER 1 


YOUR JOB: LEADERSHIP, SUPERVISION, TRAINING 


1. 


10. 


The candidate for advancement to first class or chief petty officer 
must expand his knowledge and skill in the areas of leadership, 
supervision, inspection, and instruction, as well as in the technical 
phases of his rating. 


. Leadership involves organizing the activities of a group toward the 


accomplishment of a given task. Supervision is the technique by 
which you keep tabs on everything that goes on in your shop. 


. Knowledge of the organizational structure is important to the 


supervisor since it tells him to whom he is responsible, where his 
orders come from, and precisely what is expected of him. 


. By knowing and understanding your men and having a sincere 


interest in their welfare, they will work because they want to, not 
because they feel compelled or fear punishment. 


. Easy-to-follow orders are clear, concise, complete, and pleasantly 


issued. It gets across the feeling of "Let's go” instead of “Get 
going.” 


. The purpose of delegating authority is to relieve yourself of detail 


so you can devote more time and energy to more serious prob- 
lems and to develop supervisory skill in your senior men. 


. Job rotation makes the work more interesting and helps develop 


molding skill in all aspects of foundry work. 


. Planned instruction means teaching subject matter or skills that 


fulfill the training needs of your men in an orderly, step-by-step 
fashion. 


. Technical ability, personality, enthusiasm, sense of humor, sense 


of responsibility, ingenuity and military bearing are characteristics 
that influence the effectiveness of instruction. 


The teaching methods include the lecture, demonstration, discus- 
sion, pupil-coach, and laboratory or shop work. 
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10. 


11. 


CHAPTER 2 
YOUR JOB: FOUNDRY ADMINISTRATION 


. Availability is defined as the period of time assigned to a ship 


by competent authority for the uninterrupted accomplishment of 
work at а repair activity. 


. А restricted availability is an availability for the accomplishment 


of specific items of work by a repair activity with the ship present. 
А technical availabillty is the same except that the ship requiring 
the work is NOT present during the availability. 


. Progress reports can be of great value to the repair officer in 


assisting him in estimating the 
(a) Amount of work carried 
(b) Wisdom in work assignments 
(c) Actual progress being made 


. The watch, quarter, and station bill telis you about your shipboard 


duty stations. 


. Special detail assignments that are considered nonproductive work 


on a daily man-hours report of the foundry are: 
(a) Field day 
(b) Mess cook 
(c) Compartment cleaner 
(d) Master at arms 


. The following inspection items are included in the weekly hull 


report : 
(a) Cleanliness 
(b) State of preservation 
(c) Watertight integrity of each space assigned to the division 


. The two references which may be consulted for the detailed pro- 


cedure for processing stub requisitions aboard a repair ship are: 
(a) BuSandA Manual, volume III, Supply Afloat 
(b) Navy Training Course, Storekeeper 3 and 2, NavPers 
10269-B 


. GSK material is now referred to as GSM (General Stores Mate- 


rial). 


. The Catalog of Navy Materials is grouped into 99 classes accord- 


ing to the general physical characteristics or types of material. 


NSA (Naval Stock Account) material is charged to the ship’s 
allotment. APA (Appropriations Purchase Account) material is 
charged to the cognizant bureau. 


Account 11000 series supersedes title A; 12000 series supersedes 
title B ; 13000 series supersedes title C. 
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12. BuSandA Form 44 is used for in-excess requisitions. 


13. A survey is the determination of the disposition and expenditure 
from the stock records and accounts, of naval material which is 
deteriorated, lost, damaged, or otherwise rendered unavailable 
for its intended use, under circumstances requiring administrative 
examination into the cause of the loss. 


14. The commanding officer will direct that a formal survey be held if: 
(a) It appears that responsibility for the loss or damage to the 
material may be placed on a person in the naval service 
(b) The material is short or damaged in shipment by a com- 
mercial or government carrier 
(c) The monetary value of the material is in excess of $100 


15. The initial survey request must include the following : 
(а) А statement of the condition of the material 
(b) The cause of loss, damage, or deterioration of the material 
(c) The responsibility for the cause or condition 
(d) Recommendations for the disposition of the material and 
the action to be taken 


16. In re-ordering materials you must take into consideration : 
(a) The rate of use 
(b) Balance on hand 
(c) Expected delay in shipment and delivery 


CHAPTER 3 


SHOP MAINTENANCE 


1. The Bureau of Ships Manual and the manufacturers’ instruction 
books contain information on the maintenance and repair of 
tools and equipment. 


2. The major areas covered in а shop maintenance program are op- 
eration, inspection, lubrication, and cleaning. 


8. Before applying power to а machine tool, release blocking and 
locking devices, see that all moving parts are free to move and 
are properly adjusted, check all mechanical hold down bolts, and 
be sure that all valves are in the open or closed position as re- 
quired by the operating instructions. 


4. А quallfled electrician designated by the electrical officer is re- 
sponsible for the maintenance of all motors, generators, trans- 
formers, switchboards, and control panels. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


. The entries made on the material history include: results of all 


tests and measurements, difficulties encountered, methods used 
to repair the equipment, dates when maintenance was performed, 
and any other information that may be of value to а complete 
understanding of the machine's history. 


. The function of а refractory is to protect the metal casing and to 


retain the heat generated with а minimum of heat loss through 
the walls of the furnace. 


. Rpalling is the in-service cracking, crumbling, or breaking of а 


refractory material due to thermal or mechanical causes in which 
parts of the lining separate or fall away from the main body апа 
thus exposes new surfaces. 


. Slagging occurs at high temperatures due to a chemical reaction 


between the refractory material and external fluxing substances. 


The pyrometric cone equivalent (PCE) of a refractory is based 
upon the fusion range or flow point of the refractory as com- 
pared with that of a standard pyrometric cone which flows at 
approximately the same temperature as the material in question. 


Acid refractories contain an appreciable amount of free or uncom- 
bined silica. 


Dry bulk refractories are prepared for use in the following 
manner: 
(a) Homogenize or mix the dry material] with а shovel. 
(b) Slowly add the proper amount of water, mixing thoroughly. 
(c) Screen the material through а No. 6 sieve. 

(d) Store for 12 to 24 hours in a sealed drum or under moist 

burlap. 

(e) Turn over material with a shovel immediately prior to use. 
Plastic refractory may be stored in a resealable metal drum with 
damp burlap placed over the material before closing the cover. 
When mortar is of the right consistency it squeezes out of the 
joint easily and an equal portion remains on the contact areas 
of each brick when a test brick is removed. 

Since castable refractory hardens rapidly, water should not be 
added until you are ready to use it. 

The area requiring the patch is freed of slag, deteriorated lining 
material is removed, and the outer edge of the patch area is cut 
back at an angle to provide an anchor for the patch. 

When bright red spots appear on the lining wall while the fur- 
nace is being preheated, or when patches do not adhere satis- 
factorily, the lining should be replaced. 


Silicon-carbide has high thermo-conductivity and a tendency to 
grow. 
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18. Perfect electrode alinement may be obtained by inserting shims, 


19. 


if necessary, between the electrode brackets and the furnace end 
plates. 


A monolithic sintered lining is one in which a %- to 14-inch layer 
of the rammed lining material nearest the molten metal in the 
furnace undergoes a change and becomes a coherent, solid, glass- 
like mass as a result of the heat generated. 


. Vent holes аге necessary in the ladle shell to shorten the drying 


time and thus eliminate a potential source of danger from pock- 
eted moisture in improperly dried ladles. 


CHAPTER 4 
PATTERN DESIGN AND MOLDER 


. Тһе overall objective of а planning conference is the production 


of & metallurgically sound casting, true to the drawing, and ca- 
pable of performing the function intended. 


. The first decision in planning how a casting is to be made is the 


position of molding. 


. By visualizing and considering the details of all phases of a cast- 


ing’s production before actual work is begun, it is possible to anti- 
cipate problems and resolve them to the mutual satisfaction of 
the Patternmaker, Machinery Repairman, and Molder. 


Factors influencing the decisions made in the planning conference 
are size and number of castings to be produced, wall thickness and 
overall design, the cores involved, and the parting line as related 
to the position of molding. 


. Plaster patterns may be made by pouring properly mixed plaster 


into molds, screeding or plastic working, and carving with shaping 
tools. 


. The cost of pattern equipment in terms of time, labor, and ma- 


terial should be calculated in the light of cost per casting to be 
produced rather than pattern cost itself. 


. Loose, wood patterns have a tendency to warp and require а maxi- 


mum number of hand molding operations When warpage is 
likely to be serious, match boards should be considered. The use 
of match boards and mounted patterns constructed with their own 
gating systems reduce the number of hand molding operations to 
а minimum. They increase production by reducing the number 
of castings rejected because of dimensional inaccuracy. 


- 
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8. А ram-up block is а special device used to support and prevent 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


1%. 


18. 


19. 


thin-shell patterns from springing or breaking during the ram- 
ming operation. 


. Sweep molding is an economical technique when one or two cast- 


ings having a simple symmetrical shape are required. 

Shrinkage is that reduction in a metal’s volume that occurs while 
the metal changes from a liquid to a solid state; contraction re- 
fers to volume decrease while cooling in the solid state. The 
former is taken care of through the use of risers; the latter is 
allowed for on the pattern. 


The apparent spread that is frequently observed in a U-shaped 
casting is the result of uneven contraction. Sand resistance pre- 
vents the parallel elements from approaching each other while the 
contractive forces in the interconnecting element are sufficient to 
overcome mold resistance. The spread appearance is overcome by 
faking the pattern; that is, converging the parallel elements. 


When analyzing a casting to determine distortion resulting from 
contractive forces, break the casting down into its basic design ele- 
ments and study each element individually. Contraction follows 
the lines of metal structure and anything that interferes with nor- 
mal contraction is likely to produce distortion. 


Normally contracting design elements are the I, L, V, and Y. 


A ring or O-shaped casting contracts along radial lines and thus 
its diameter decreases. Contraction in the C follows the line of 
metal structure ; its diameter does not decrease. 


The V and similar design elements contract normally because the 
lines of contraction meet at a common junction. 


А 2? taper is provided on the vertical surfaces of core prints 
to facilitate core setting in the foundry. 


Both the loose piece and the drawback are useful in molding 
castings having projections in which the pattern could not other- 
wise be removed from the mold without damaging the mold wall. 
The loose piece is a pattern part; the drawback is a mold part. 
The loose piece remains in the mold while the pattern is withdrawn 
and removed from the mold wall. The drawback is removed from 
the mold before the pattern is withdrawn. It is then repiaced to 
form a part of the mold wall. 


Strength and ductility of a cast section as measured along the 
center line of the section decreases as the mass increases. 


When section thickness varies between 80 and 120 percent of the 
average of component members of the casting, the section can 
usually be cast free of defects so long as the transition from one 
thickness to the other is gradual and proportional. 
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. Areas of mass can be avoided by staggering the component mem- 


bers of intersecting sections; by coring out the area of mass, if 
a staggering design cannot be employed; and by avoiding the use 
of large fillets. 


CHAPTER 5 
SAND CONTROL 


. Two basic kinds of information are obtained from sand analysis 


and testing: (1) information about a sand’s structure or compo- 
sition, and (2) information concerning its properties. 


The composition of a sand includes grain size, grain shape, and 
grain distribution. 


. When selecting a gross sample from the heap, take 3 one-quart 


samples, 1 each from the front, center, and rear of the heap; each 
of which is taken from a depth of at least 6 inches below the sur- 
face of the heap. 


. In the standard moisture test a 2,000-gram (4.4 pound) sample is 


spread out in a thin layer and dried at a temperature between 
220° and 230° F for 1 hour. After the sample has cooled to room 
temperature the sample is reweighed. The difference in weight 
expressed as a percent is the moisture content. 


. А settling time of exactly 5 minutes is specified for the test for 


elay content because material that requires more time to settle 
than 1-inch per minute is defined as AFS clay. If a settling time 
less than 5 minutes is used, material in addition to clay may be 
filtered off; a settling time greater than 5 minutes will permit 
some clay to settle below the bottom level of the filter tube. Either 
variation would make the test inaccurate. 


. А determination of а sand's grain size and distribution is the 


objective of a sieve analysis. 


. А sand's GFN ів a number which expresses the number of meshes 


per inch of that sieve which would just pass the sample if all the 
grains were of one uniform size. The GFN is also proportional to 
the total grain surface area per unit weight of sand, exclusive 
of clay. 


The data from a sieve analysis when plotted on a graph gives a 
detailed picture of grain size and distribution, whereas a sand's 
GFN is merely à number which expresses an average ; it is possi- 
ble for sands whose curves are entirely different to have the same 
СЕМ. 
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9. A sand's grain distribution may be specified by the BuOrd symbol 


10. 


11. 


12. 


18. 


14. 


15. 


16. 


17. 


consisting of three numbers separated by colons, or by the sorting 
coefficient. In the first system the number of adjacent sieves re- 
taining a minimum of 75 percent of the sample is represented by 
the middle number while the first and last numbers, respectively, 
represent the number of sieves retaining coarser and finer grains 
than those retained by the 75 percent group. The sorting coeffi- 
cient indicates the uniformity of grain in the middle 50 percent 
of the sample. The closer the coefficient approaches unity, the 
more uniform the grain distribution. 


Samples used to determine composition are specific weights (usu- 
ally 50 grams) while samples for determining properties are 
rammed to a specified size (a cylinder 2 inches in diameter and 
2 inches high). 


When the water level in the manometer tube has become steady а 
few seconds after the air lever has been turned on, the periphery 
of helicoid gage is “matched” with the manometer water level. 
The number on the periphery scale at this point is the sample's 
permeability number. 


The property of green compression strength is the compressive 
stress that a green sand will withstand before it breaks. It is 
determined by subjecting & standard test specimen to an axial 
force of 30 psi per minute until the specimen breaks. The green 
compression value assigned to a sand is the average of 3 tests. 


Normally, the harder a sand is rammed, the lower its permeability. 
It is possible to estimate mold permeability by the formula 


(H) (P) 
m= 
h 
when the hardness and permeability of the laboratory test speci- 
men is known. Further, through the use of this formula it is pos- 
sible to evaluate the effect of ramming on permeability. 


Sintering point is the lowest temperature at which a sand begins 
to fuse. 


Sand control is a supervisory tool because it provides preventive 
control over the mixtures prepared in the foundry, it indicates 
when sand is wearing out, and it provides information useful in 
isolating and eliminating the cause of casting defects due to sand 
conditions. 


Casting defects due to sand expansion are rat tails, buckles, and 
scabs. 


Ten to 14 percent fire clay is a suitable substitute for bentonite in 
the Navy all-purpose sand mixture. 
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CHAPTER 6 
MOLDING PROBLEMS 


А fundamental difference among green, dry, and semi-dried molds 
is the treatment the molds receive after ramming is completed but 
before the casting is poured. Dry-sand molds are baked in an 
oven, semi-dried molds are dried to a !4-inch depth with a heating 
unit, while green-sand molds are usually poured as soon as they 
are rammed. 


. When molding gears, better results are obtained when facing sand 


is forcefully thrown between the teeth instead of tucking with the 
fingers. 


. Molding with а false cheek permits the use of less elaborate 


pattern equipment. 


. When а part can be cast on-end, all dirt and dross rise to the top 


of the casting where it can easily be removed by the machine shop. 


. Stopping-off is a molding operation in which an unwanted depres- 


sion made in the mold by the pattern is filled in with molding 
sand or a special core. 


. The taper provided on the frame of an upset or sand match serves 


to hold the sand in position when the match is rolled over. 


. An old casting to be used as a pattern must be cleaned and 


smoothed so that it will draw from the sand, missing parts and 
machine finish surfaces must be built up, and core prints and core 
boxes must be provided. 


. If clearance between the drawback support plate and the pattern 


is not provided, the casting may fuse to the plate when the mold 
is poured. 


. Patch sand worked in place by hand permits the sand to bond 


better to the mold surface. 


The problem of holding sand in the cope without danger of drop- 
outs while the cope is manipulated is not critical in flasks less 
than 15 inches in size. When the flask exceeds this size, addi- 
tional supports are necessary in the form of gaggers and re- 
inforcing bars. 


Foundry nails are inserted in molds to provide extra support 
where small pockets of sand exist. 


Plumbago is used as a facing material when the casting is heavy 
or the casting alloy contains considerable phosphorus. 


335343 O—55———28 
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18. A ram-up core print is а baked-sand print rammed up in the 


14. 


15. 


mold with the pattern. Instead of forming a portion of the cast- 
ing, it may be used to aid the setting of other cores or to more 
adequately distribute the weight of the core over a greater green- 
sand area. 


The amount of weight necessary to hold the cope down depends 
upon {һе height of the column of liquid, the projected surface 
area of the cope in contact with the metal and the weight per 
cubic inch of the metal being cast (P=Ahm). 


Buoyancy is that property of а fluid which permits a material 
lighter than itself to float on its surface. It is a factor in molding 
because а core floats in all metais heavier than aluminum. Con- 
sequently, a force greater than that of the weight of the core itself 
is necessary to hold а core in position. This force is determined 
by the formula B=vd—w. 


CHAPTER 7 
FACTORS IN MELTING 


. А properly preheated furnace insures that moisture absorbed by 


the lining is driven off and shortens the time during which the 
charge is subjected to heat. 


. The melting loss of an element depends on the melting rate, the 


temperature to which it is heated, the duration of hold time before 
tapping, and the peculiarities of the melting unit. Assuming that 
correct melting practices are employed, it is possible to state melt- 
ing losses for common elements in terms of the type of melting 
equipment. 


. If an emergency makes the melting of dissimilar metals in the 


same lining necessary, a wash heat having a composition similar 
to that of the desired new alloy should be run to cleanse the lining 
and thus help prevent contamination of the planned heat. 


. Iron-pot furnaces properly coa.ed with whiting to prevent iron 


pickup are the most satisfactory units for melting aluminum. 


. A slightly oxidizing furnace atmosphere reduces the possibility of 


gas absorption during the melting operation. 


. Since much of the heat radiated from the electrodes is absorbed 


by the lining, and since the charge receives additional heat from 
the lining by conduction, bringing the furnace to full rock as soon 
as the molten condition of the charge permits, shortens the melt- 
ing time and helps produce a homogeneous alloy. 


424 


-m > эе Pug 


10. 


11. 


12. 


18. 


14. 


15. 


16. 


. A slag blanket is particularly objectionable in electric rocking fur- 


naces. Slag insulates the charge from the heat radiating from 
the elements and reflects an abnormal amount of heat to the lining 
above the slag line. This situation may result in a melted lining. 


. The melting rate in an induction furnace is influenced by the com- 


pactness of the charge. Void spaces should be avoided, but the 
charge should not be packed so tightly that metal expansion prior 
to melting can crack the crucible or lining. 


. Common sources of gas-producing substances include turnings and 


borings saturated with oil, inadequately dried melting and han- 
dling equipment, а reducing furnace atmosphere, damp additives, 
and high humidity. 


Since most cover fluxes are hygroscopic (absorb and retain large 
quantities of moisture from the atmosphere), they introduce mois- 
ture to the charge. This moisture, in turn, may contribute to gas 
absorption difficulties. 


AS а rule, fluxes should be used only when essential, and when used, 
they must be thoroughly dry or they will contribute to hydrogen 
pickup. 


The inclusion of copper oxide in a copper- or nickel-base charge 
provides an excess of oxygen which 

(а) combines with any nascent hydrogen present 

(b) inhibits the breakdown of moisture molecules into hydrogen 

and oxygen. 

Thus, the oxygen and nascent hydrogen which have combined, as 
well as the moisture molecules that do aot break down, pass off 
as steam. When a flushing gas is employed in aluminum, the 
nonsoluble gas rises through the molten metal and absorbs hydro- 
gen because of pressure differentials. This process continues 
until the partial pressure of the hydrogen is equal to the partial 
pressure of the scavenging gas. 


Since zinc itself is an efficient degasser, high-zinc brasses usually 
do not require the use of a flux during the melting operation. 


The required amount of aluminum cover flux can be determined 
by continuously adding and stirring small amounts of flux into 
the dross until the dross becomes powdery and can easily be 
removed. 


Nickel-base alloys are fluxed in the ladle because of the violent 
reaction of magnesium when it is plunged in the metal. 


Oxidizing conditions in steel melting are reduced through the use 
of maganese, silicon, and aluminum. 
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17. Ia addition to faulty instrument calibration and inexperienced 


1. 


operators, erroneous readings with an optical pyrometer may be 
the result when: 
(a) Bright daylight or artificial light is reflected to the instru- 
ment from the furnace wall 
(b) There is а considerable temperature difference between the 
metal charge and the refractory 
(c) The instrument is sighted through smoke, flame, or fumes 
(d) There is a lack of uniform temperature within the charge. 


CHAPTER 8- 
MELTING NONFERROUS METALS 


The tin bronzes include gun metal, valve bronze, hydraulic bronze, 
and phosphor bronze. | 


2. The pouring temperature selected from the range specifled for a 


10. 


glven alloy depends primarily on the cross-sectional thickness of 
the casting to be poured. Thin section castings require higher 
pouring temperatures than do castings having thick sections. 


. Since the melting point of master alloys is lower than that of pure 


metals, master alloys containing the high melting point elements 
are frequently used instead of pure elements. 


Additives should be incorporated into the bath in small amounts 
to permit rapid solution of the added material. 


. An excess of phosphor-copper over that required for deoxidation 


decreases the ductility of а tin bronze alloy. 


. Yellow brass turnings and borings should be tightly briquetted. If 


this is not done, the scrap oxidizes readily and will not melt. 


. When а nickel-base alloy appears hot enough, a spoon sample is 


taken. If it takes 30 to 45 seconds for the sample to skim over 
after the slag has been skimmed off, the metal is hot enough to 
pour and is ready for the incorporation of alloying additions. 


. The agitation and continual skimming of aluminum increases gas 


absorption and metal loss because of oxide formation. 


. Generally, metals should be melted down as rapidly as possible. 


Babbitt, on the other hand, must be melted slowly. 


Air and gas are eliminated from babbitted bearings by puddling 
the metal while it is poured. 
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CHAPTER 9 
MELTING FERROUS METALS 


. “Inoculation” refers to the addition of such materials as ferro- 


silicon and ferromaganese to molten cast iron for the purpose of 
changing the size, shape, and amount of graphite particles in the 
iron and thereby improving its properties to а degree not obtain- 
able by simple melting and pouring. 


The proper time to add ferrosilicon and ferromanganese to a cast 
iron heat can be determined by feeling through the molten mass 
with a soft iron rod. If no solid pieces of metal are present, and if 
the tip of the rod sparkles when withdrawn from the bath, it is 
time to add final ferro-aHoys. 


. Slag is objectionable because it insulates the charge from the heat 


source and because it reflects an abnormal amount of heat to the 
refractory above the slag causing the lining to melt. 


In the dead-melting method for making steel, ferromanganese and 
ferrosilicon are added as soon as the charge becomes completely 
molten. Approximately 5 minutes after these additions, the heat 
is ready to be tapped. In the boiling method, 2 percent iron ore is 
added when the charge becomes completely molten. After the 
reaction resulting from the iron addition subsides, excess slag is 
removed. Following this ferromanganese and ferrosilicon are 
added and the heat is tapped within 2 or 3 minutes. 


. 'The boiling method of steel melting produces considerable slag that 


is difficult to handle. 


А fluid slag may be thickened to facilitate removal by spreading 
dry silica sand across the surface of the molten metal. 


The carbon content of pig iron is too high for use in a corrosion 
resistant steel charge where the allowable carbon content is low. 


. Wood contains moisture which may give rise to gas absorption 


and thus a defective casting. 


. The most desirable pouring temperature is the lowest temperature 


at which the metal is sufficiently fiuid to fill the mold without cold 
shuts. 


CHAPTER 10 
SOLIDIFICATION AND ITS CONTROL 


1. A low pouring temperature, а cold mold, and а small cross section 


usually result in castings having a relatively thick skin of fine 
grained metal. 
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. Differences in grain structure in the three zones of a casting are 


the result of differences in the cooling and solidification rates in 
various parts of the casting. 


. The volume to surface area ratio is an index to the relative solidi- 


fication and cooling rates of two different castings, or of different 
sections of the same casting. 


. When metal changes from a liquid in which the atoms move 


rapidly in random directions, to a solid in which the atoms move 
slowly in characteristic patterns, the difference in the rate of 
motion is transformed from the energy of motion to heat energy 
known technically as the heat of fusion. 'The heat of fusion is 
the primary source of heat evolved during solidification. 


Sand absorbs heat given off by molten metal through the volatili- 
zation of materiais making up the mold or core sand mixture and 
by conducting heat away from the mold-casting interface. 


6. The term “temperature gradient" refers to the temperature dif- 


10. 


11. 


ferentials or the rate of change of temperature in a given direction 
existing in а casting. 'The gradient established determines the 
progressive course of solldification. 


. The rate of dendrite formation and growth is a function of the 


solidification rate. With rapid solidification, many nuclei form, 
but the size of the dendrites is small. When solidification pro- 
ceeds slowly, fewer nuclei form but the dendrites are larger. 


. The fractured surface of a tin-bronze casting containing inter- 


dendritic shrink defects has a discolored appearance ranging in 
color from lemon-yellow through shades of orange, red, brown, 
and blue with distinct dendrites visible when inspected under а 
low power microscope. 


. An ideal gate introduces a sufficient volume of metal into the mold 


at а rapid enough rate to prevent cold shuts without subjecting 
the mold face to undue pressure. At the same time, it helps 
establish the desired temperature gradient. 


Uniform metal flow from all gates in the system can be obtained 
by constructing & choked gating system which develops a slight 
equalized pressure. This involves designing gates that cannot 
deliver as much metal to the mold as the sprue and runner provide. 


Gates whose cross-sectional area exceed that of the casting may 
cause hot tearing during final stages of solidification. 


. Bottom gates are used to cast bronze because they introduce metal 


to the mold quietly with little turbulence and air entrapment. 
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The basic shape of a section influences feeding because shape de- 
termines the kind of channel through which feed metal flows. 
Plate sections feed to 414 times the thickness. Proportional feed- 
ing distance of bar sections vary inversely with thickness; pro- 
portionate feeding distance decreases as thickness increases. 


Gravity and atmospheric pressure are responsible for the flow of 
metal from the riser to the casting. Of these, atmospheric pres- 
sure is more important since it is sufficiently powerful to cause 
metal to flow between dendrites and break the cellular structure. 


The first step in riser design involves studying the casting's de- 
sign and determining the sections that solidify last and thus re- 
quire an outside source of feed metal. Each heavy section is con- 
sidered as а zone to be fed by a centrally located riser. 


Assuming that the riser diameter is adequate, a riser helght 
1!4 times the diameter provides maximum feeding for а minimum 
amount of metal with an open riser. 

Since а long riser neck invites premature freezing, and since fluid 
metal is necessary for feeding, the riser neck should be as short 
as possible to prevent freezing. 


Since blind risers deliver from 35 to 40 percent of their volume to 
the casting, while open risers deliver only 20 percent, blind risers 
can be made considerably smaller than open risers. 


The methods used to keep riser metal fluid and open to the 
atmosphere include topping-off with hot metal, churning, con- 
structing flow-offs, forming the riser in dry sand cores, and em- 
ploying special exothermic and insulating materials. 


. Compounds containing thermite contaminate the metal in the riser 


with iron, making the reclaimed bronze risers unsuitable for use 
as remelt material. 


With 180° mold manipulation it is possible to obtain the advantage 
of bottom gating during pouring and the advantage of top pouring 
and top risers during solidification. 


. External chills increase the rate of solidification, promote direc- 


tional solidification, and increase the strength at corners having 
a tendency to crack because of contraction stresses. 


. When the temperature of the chill and the casting skin adjacent 


to the chill equalizes, the chilling action ceases and solidification 
proceeds as if the chill were no longer present. 


. When molten metal surrounds internal chills whose surfaces are 


marred by oxide fllms, finger marks, and the like, a gas forms 
which interferes with fusion between the casting and the chilL 
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. Internal chills should not be used in sections requiring pressure 


tightness or in castings subject to radiographic inspection or mag- 
netic powder testing. 


CHAPTER 11 
POST SOLIDIFICATION FINISHING PROCEDURES 


. A 346'' to %’’ stub should remain on the steel casting when risers 
and gates are removed by burning or melting. The stub is removed 
later by grinding. 


When risers are removed from gray iron castings by sledging, the 
shearing action that occurs frequently tears into the main body 
of the casting. 


. Pickling may be required to remove adhering scale from castings 
having an intricate shape or when the surface is to be galvanized 
or otherwise coated. 


. In ultrasonic testing, a beam of very high frequency, short wave- 
length sound waves are transmitted through the casting. Defects 
show up as an acoustical shadow on а refiectoscope. 


. A ferrous casting is magnetized for a niagnetic particle inspection 
by passing an electric current through the metal to induce a cir- 
cular magnetic field, or by passing current through a coil of wire 
surrounding the casting to induce longitudinal magnetization. 


. Half-wave rectified direct current is more sensitive in magnetic 
particle Inspection than alternating current. It is used in mag- 
netic particle inspection to detect subsurface defects. An alter- 
nating magnetizing current effectively locates fatigue cracks and 
similar defects extending through the surface. 


. The current amperage used in the prod method of maguetic par- 
ticle inspection depends on the distance between prods. When 
using the prod kit in which distance between prods is constantly 
5 inches, an amperage between 300 and 400 is satisfactory. 


. Factors that help the inspector interpret indications obtained in 
a magnetic particle inspection are the amount of magnetizing cur- 
rent applied, the shape of the indication, the sharpness of the 
outline, the width of the pattern, and the height or build up of 
the particles. 


. In a fluorescent penetrant inspection the “developer” is applied to 
the test surface to draw the penetrant from the defect. This non- 
fluorescent powder acts like a blotter, serves to subdue the back- 
ground, and by contrast makes the penetrant drawn from the 
defect stand out with a bright green-yellow indication. 
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When а pockmark indication is observed in a fluorescent penetrant 
inspection it results from the rough surface of а sand casting or 
from slight internal porosity. Neither of these conditions are 
usually serious enough to reject the casting and may be safely 
ignored. 


The density of а developed film is determined by the amount of 
radiant energy to which it has been exposed. Since a discon- 
tinuity in the metal affects the amount of radiation passing 
through the casting that portion of the film behind the discon- 
tinuity has a greater or lesser density than that of surrounding 
portions. If the difference in film density is as much or greater 
than 2 percent, it is considered to be а positive indication of а 
defect In a casting. 


When rapidly moving, negatively charged particles collide with a 
mass of matter, the energy of motion is transformed into heat and 
X-rays. In radiographic equipment, X-rays are generated in a 
vacuum tube containing two terminals: a cathode whose filament 
provides the source of electrons, and an anode which is primarily 
а target the electrons bombard. Voltage applied to the tube estab- 
lishes а potential difference between the cathode and anode which 
drives the electrons from the fllament to the target. The X-rays 
generated radiate from the target through the tube. 


. Distance from the radiating source is the best radiation safety 


precaution because the intensity of the radiation varies inversely 
with the distance. This is illustrated by the inverse square law 
which states that when the distance from the radiating source is 
doubled, the area covered by the beam is quadrupled; but, at the 
same time, the intensity per unit is only one-quarter of the in- 
tensity value at the original distance. 


Radiographic Standards for Steel Castings, published by the 
Bureau of Ships is used as a guide to interpret radiographs and to 
accept or reject steel castings. 


The shadow cast by an object in the beam of a radiating source is 
governed by the geometrical relationships between the radiating 
source, the object, and the surface upon which the shadow is cast. 
Thus the amount by which the shadow is distorted depends on 
the distance between the object and the receiving surface, the 
angular position of that surface relative to the object, and the 
angle between the radiating source and the object. Since in a 
practical situation we do not have an ideal single point from 
which radiation stems, but an area containing many points, dis- 
tortion may also arise from the halo effect occurring when the 
focal distance between the object and the radiating source is 
Incorrect. 
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Defects most frequently detected in steel castings by X-ray in- 
spection are slag inclusions, porosity, and cracks. 

Inspection procedures can be used to improve over-all foundry 
production by relating the results of inspections to molding, melt- 
ing, and pouring operations to isolate the cause of defects and to 
eliminate the difficulty in the future as well ag to detect faulty 
castings. 

The purpose of heat treating a metal is to improve mechanical 
properties, to make a subsequent machining operations less diffi- 
cult to perform, and to relieve residual stresses resulting from 
unequal contraction during cooling or from cold working. 


The internal structure of a ferrous metal is changed by heating 
it to а temperature above the critical or transformation point, 
holding it at that temperature for a time sufficient for the change 
to go on to completion, and cooling to atmospheric temperature 
in a predetermined manner. 


. Cementite is a glass hard, crystalline compound, of iron and car- 


bon known as iron-carbide. Pearlite is a combination of ferrite 
and cementite in alternate plates or layers. Austenite is a gamma 
iron (face-centered cubic atomic structure) containing dissolved 
carbon. 


The presence of graphite in a cast iron gives the iron superior ma- 
chinability characteristics. 


. In ferrous metals, stress relieving is accomplished by heating to 


a temperature BELOW the transformation point. In annealing, the 
casting is heated to a temperature ABOVE the transformation point. 
In the former, internal structural change does not oecur; in the 
latter, it does. 


The heat treatment processes selected depend on the class of steel 
from which the casting is made and the mechanical properties re- 
quired to resist the stresses expected when the casting is placed 
in service. | 


. Normalizing followed by tempering usually develops the most 


satisfactory internal structure and physical properties in a steel 
casting. 


CHAPTER 12 
SAFETY IN THE FOUNDRY 


. Safety is the responsibility of the commanding officer, but all super- 


visory personnel are under orders from and responsible to the com- 
manding officer, to see that the safety precautions are observed in 
their own work areas. 
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10. 


11. 


. The major cause of accidents is carelessness resulting from a lack 


of knowledge, skill, or an unhealthy attitude toward safety. 


. Safety consciousness and wholesome attitudes can be developed 


through training which appeals to the emotions as well as the 
intellect; show your men how an accident may restrict their off- 
duty activities. 


. Since а minor accident may be the result of а truly dangerous con- 


dition or procedure, which may result in a future serious injury 
unless the cause is eliminated, it is necessary to investigate, deter- 
mine, and eliminate the conditions responsible for all accidents 
whether they result in serious, minor, or no injuries. 


. Good housekeeping in the foundry refers to the ship-shape stowage 


of tools, materials, and equipment, the orderliness of working sta- 
tions, clear passageways, the avoidance of accumulations of com- 
bustible waste, and the elimination of stumbling, tripping, slip- 
ping, and falling object hazards. 


. Loose fitting, torn, or improperly worn work clothing is easily 


caught on projections such as flask handles or by moving machin- 
ery, and thus may lead to serious injury. 


. When it is necessary to work underneath a mold, always place it 


on substantial tripods or horses. Do not work beneath a mold 
suspended from a crane or hoist. 

Any conditions which permit molten metal to come in contact 
with water will result in an explosion causing metal to splatter and 
Ду around, which may seriously injure personnel. 


. Personnel engaged in tapping furnaces and handling molten metal 


should wear safety shoes, leggings, goggles tinted to neutralize 
glare, and good fitting work clothes. Gloves, especially the gaunt- 
let type should not be worn. 

Grinding on the side of an emery wheel causes it to wear exces- 
sively and may cause the wheel to shatter. 

The principal sources of safety information are the United States 
Navy Safety Precautions, OpNav 34P1, the U. S. Navy Manual of 
Safety Equipment, NavExos P—422, and the Safety Review, a 
monthly magazine published by the Navy Department. 
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APPENDIX Ii 


QUALIFICATIONS FOR ADVANCEMENT IN 
RATING 


MOLDERS (ML) 


Rating Code Ne. 4700 
General Service Rating 


Scope 

Molders operate foundries aboard ship апа at shore stations; make 
molds and cores, rig flasks, prepare heats, and pour castings of ferrous, 
nonferrous, and alloy metals; shotblast or sandblast castings; pour 
bearings. 
Emergency Service Rating 

Same as General Service Rating. 


Navy Job Classifications and Codes 


For specific Navy job classifications included within this rating and 
the applicable job codes, see Manual of Enlisted Navy Job Classtfica- 
tions, NavPers 15105 (Revised), codes ML-5200 to M L-5299. 


Qualifications for Advancement in Rating 


Qualifications for Advancement in Rating — 
100 PRACTICAL FACTORS 
101 OFERATIONAL 
1. Riddle facing sand over pattern----------------- 3 
2. Use bench rammer and floor rammer to ram sand. 3 
3. Use slicks, double-enders, spoons, lifters, draw 
spikes, gate cutters, bellows, and calipers......... 3 
4. Read mechanical drawings and sketches.......... 3 
5. Identify by any suitable method the following 
metals: 
a. Red brass- -------------------------------- 3 
b. Yellow һгавзв_______________________________ 3 
e. Bronze____-______.________..._____...- 3 
d. Manganese Бгопле__________________________ 3 


Quoalificatiens for Advancement in Rating—Continved 





Qualifications for Advancement in Rating 


101 OpERaTIONAL—Continued 


6. 


7. 


8. 


10. 


11. 


12. 


15. 


16. 


Make standard metal hardness tests including file 


and machine testing_-------------------------- 


Apply adequate risers and gates to simple molds 


for the production of sound castings. ............ 
Make simple two-part molds with cores... ........ 
. Conduct sand test for: 


&. Green compression strength (if equipment is 


available). -------------------------------- 
b. Моївбиге__——___---------------------------- 


æ © AOO 
Q 
B, 
[=] 
uU 
3 
3 


. Fineness number. .........................- 
g. Clay content------------------------------- 


Light off and secure induction, indirect arc, re- 


sistance, and oil-fired furnaces- ................. 


Make molds using cores, draw-backs, deep lifts, 


cheek sections, and sweeps. .................... 
Read and work from drawings and sketches. _____ 
. Make working drawings and вкеёсһев____________ 
14. 


Melt the following metals in an induction furnace: 


mo ROOD 
Е 
‚В, 
Б 
2 
B 


шго ро ср‏ م 
i‏ 
t‏ 
1 
I‏ 
I‏ 
I‏ 
I‏ 
! 
i‏ 
I‏ 
i‏ 
i‏ 
1 
I‏ 
)| 
і‏ 
і‏ 
Ü‏ 
I‏ 
( 
1 
I‏ 
I‏ 
LI‏ 
I‏ 
1 
۱ 
t‏ 
i‏ 
! 
1 
i‏ 
L]‏ 
t‏ 
LI‏ 
I‏ 
I‏ 
i‏ 


оро 
zZ Q 
g & 
ma 
В 


BA elu сена 


vc А\аштштитшт______________________-......---- 
BE Cast FOR a a —— 


Applicable 
Rates ML 


нь m^ д 60 00 60 әәә и ©8200 6 ف‎ ww 


= m гд гд CO OO 


н рь GO CO 60 


Quolifications fer Advancement in Rating—Centinued 








101 OrrzRATIONAL—Continued 
17. 


23. 


25. 


26. 


27. 


Я Маке billet, multipiece, ram-up, and strainer 


. Light off and secure а core oven. ............... 
. Clean and finish castings for the machine shop... 
. Re-babbitt standard Navy bearing shells 
. Use open and blind risers, internal and external 


. Heat-treat class A and class B steel and cast iron 


Qualifications for Advancement in Rating 


Melt the following metals in & resistance furnace: 


ROS ROT 
ie) 
d 
D 
8 


cores. File and assemble multipiece cores. ...... 


chills, and all types of gates in the production of 
clean, sound castings, using the following metals: 


JJ — MÀ 
Make impeller and complete water-jacket-type 
cores involving the use of wax tapers and ade- 
quate internal core support 
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as required by Navy specifications... ....... 
Make all types of dry and green sand molds. 
Make molds directly from castings... ........... 
Use immersion type pyrometer to control — 
and pouring temperatures of: 

a. Babbitt 


— = — e чә еә — шь — c که س چ جه‎ — шо шь هه‎ D هه‎ ч» هه‎ Ф» ч» ©» => e =з A =» m =» =» =» چ‎ 
esa ee =» Ae ао um am um oe de UD ub که سه‎ e ©» A A us A ФӘ =» =з D =» ©» هه‎ am سه‎ => 
c æ чә — — — чә ч ею аю =з Фә =з =» шь ©з ©» ©з ©» Әә جت چ مه مه چ جه‎ m =з =» e ©» AU шь шь =» =» 


Use optical pyrometer to control tapping and 
pouring temperatures of: 
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102 


103 


201 


MAINTENANCE AND/OR REPAIR 
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6. 


EXAMINATION SUBJECTS 
OPERATIONAL 
1. 


10. 


11. 


. Clean and dry patterns. ----------------------- 


. Care for and adjust immersion-type pyrometers. .. 
. Care for and adjust optical-type pyrometers. ..... 


. Re-aline pins and replace bars in wooden flasks _ _ . 
ADMINISTRATIVE AND/OR CLERICAL 

. Use manufacturers’ instruction books and hand- 
. Enforce personnel and material safety precautions. 


. Estimate time, material, and cost in foundry work. 
. Organize and supervise a foundry installation. ..... 


. Principles of — of induction, indirect arc, 


. Characteristics and uses of metals in Navy found- 


. Basic properties and uses of washed silica core sand 


. Basic properties and uses of natural and syntlietio- 


Qualifications for Advancement tn Rating 


Recondition molding sand.....................- 


books to obtain data on foundry equipment 


Maintain records kept by the foundry: Work re- 
quests, job orders, and progress reports. ......... 
Obtain replacement parts and supplies. .......... 


Safety precautions involved in performing tasks 
appropriate to the applicable rates listed under 


resistance, and oil-fired furnaces................. 


. Identify bronze, aluminum, cast iron, and steel. - - 
. Estimate the weights of simple castings. ......... 
. Recognition, by standard markings, of compressed 


gases used in the foundry _ ..................... 
and general-purpose oil-aand mixtures. .......... 


ally bonded molding sand. Control of permeabil- 
ity, Moisture, and green compression strength. 
General principles of sand conditioning- ......... 
Uses of natural and synthetic sand, including 

methods of testing for physical properties. _______ 
Materials used in making up molding and core sand 

mixtures and the essential characteristics of each. . 
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Qualifications for Advancement in Rating 


201 O»zRATIONAL—Continued 


12. 


13. 


14. 


15. 
16. 
17. 
18. 
19. 


20. 


21. 


22. 


24. 


Standard metal hardness tests and testing equip- 
Ment- оао Sea ce 
Use of mullers and other sand conditioning equip- 


Principles and techniques of core-making for simple 
castings of brass, bronze, aluminum, cast iron, and 


Procedures involved in cleaning and preparing 
castings for shipping or machining. .............. 
Basic principles affecting machining of castings... 
Heat treatment as related to foundry practice. _ __ 
Manner in which castings solidify. "Types of con- 
traction during solidification... ................. 
Control and correction of casting defects related 
to sand conditioning..........................- 
Theory and application of controlled directional 
solidification involving chills, blind and open risers, 
pressure gating systems, and related pouring 
Properties of natural bonded and synthetic sands, 
including grain shape, grain class, grain distribu- 
tion, grain fineness number, clay content, and 
distribution _ - - ------------------------------- 
Control and correction of casting defects in the 


. Melting practice for induction furnace with the 


following metals: 
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Melting practice for indirect arc furnace with the 
following metals: 
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Qualifications for Advancement in Rating 
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25. Melting practice for oil-fired furnace with the fol- 
lowing metals: 
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26. Melting practice for resistance-type furnace with 


the following metals: 
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MAINTENANCE AND/oR REPAIR 

1. Maincenance and stowage of hand tools and mold- 

ing едчїртеп&%__-.-------------------------- 

2. Maintenance and relining of furnaces............ 

3. Maintenance and preservation of patterns and 


ADMINISTRATIVE AND/OR CLERICAL 
1. Procedures for making out bills of materials. 
Materials usually carried in stock. ............ 
2. Estimate time, labor, and materials for a casting 
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INDEX 


Abrasion, 56 
Accident prevention, 404 
Acid refractory, 58 
Acids, 354—355 
Administrative duties, 21 
Allowance list, 34 
Allowances for 
contraction, 118 
draft, 124 
machine finish, 125 
shrinkage, 117 
tool clearance, 125 
Alloying elements, adding, 274 
Alloys 
aluminum, 264 
aluminum bronze, 272 
aluminum silicon, 284 
antifriction, 284 
babbit, 284 
brass, 275 
cast iron, 265, 294, 389 
casting, 249 
copper-base, 271 
ferrous, 253, 256, 293 
gun metal, 271 
high zinc, 264 
hydraulic bronze, 271 
iron carbon, 388 
manganese bronze, 264 
master, 273 
monel, 280 
nickel-base, 265, 280 
nonferrous, 271 
phosphor-bronze, 272 
phosphor-copper, 264 
steel, 266, 297 
tin bronze, 271 
Alumina silicates, 63 


Aluminum, 264 

charging, 282 

fluxing, 282 

melting, 281 

riser removal, 354 
Aluminum bronze, 272 

melting, 279 
Aluminum-silicon alloy, 284 
Annealing, 393 

cast iron, 393 

steel, 396 
Antifriction metal, 284 

solidification shrinkage in, 289 
Antipiping compounds, 342 
Arch brick, 60, 61 
Arrival conference, 24 
Atmospheric pressure in feeding, 

340 

Atomic cell units, 317 
Attitudes toward safety, 403 
Austenite, 389 
Authority, delegation of, 13 
Auto-feeding, 289 
Availability, 22 

regular, 22 

restricted, 22 

technical, 23 

upkeep period, 23 

voyage repairs, 23 


Babbit 

melting, 284 

pouring, 284, 288 
Base permeability, 170 
Basic refractories, 58 
Bearing shell, 285 

jig for pouring, 286 
Bedding-in, 209, 214 


Bentonite, 175 
substitute for, 189 
Billet, 116 
Black light, 369 
Blind risers, 332 
effect of atmospheric pressure, 
340 
efficiency of, 338 
principle, 339 
Blow, 188 
Boiling method, 297, 299 
Bosses, 134 
Bottom gates, 327 
Brass, 272 
alloys, 275 
melting, 275 
Bridging, 258 
British thermal unit (Btu), 55 
Briquetted, 276 
BuOrd grain distribution symbol, 
162 
Buckle, 188 
Bulk refractories, 62 
preparation for use, 66 
ramming, 68 
Buoyancy, 230 
BuShips 
repair parts, 34 
special material, 33 


Calculating charge, 252 
Carbon free liquidizer, 343 
Carbon monoxide in steel melting, 
299 
Carelessness and safety, 403 
Cassette, 379 
Cast iron, 265 
alloying additions, 204, 295 
annealing, 393 
charging, 294 
fracture test, 296 
heat treatment, 391 
inoculants, 266 
inoculation, 294 
melting, 293 
Navy grades, 294 


Cast iron—Continued 
preheating, 294 
stress relieving, 392 
tapping, 297 
Casting 
alloys, 249 
design 
bosses, lugs, 134 
fillet, 132 
ideal, 333 
intersecting members, 130 
padding, 132 
principles of, 128 
proportioning, 130 
responsibility for, 128 
ribs, 135 
wall thickness, 129 
Castings 
cleaning methods, 353 
design, 128 
factors influencing soundness, 
249 
on-end procedure, 202 
precautions during cleaning, 410 
salvage, 385 
soundness, 249 
used as pattern, 210 
Catalog of Navy Material, 33, 35 
Celastic, 211 
Cement | 
as substitute for clay, 189 
slurry of, 81 
zircon, 65 
Cementite, 388 
Censure and praise, 7 
Cereal, 150 
substitutes for, 189 
Chaplets, 238, 240 
diameter of stem, 243 
necessary chaplet area, 242 
Characteristics 
of core, 224 
of refractories, 53 
modulus of rupture, 55 
PCE, 54 
permanent volume change, 56 


Characteristics—Continued 
of refractories—Continued 
slagging, 54 
spalling, 54 
thermal 
conductivity, 55 
expansion, 56 
Charcoal, 261 
Charges 
for tin bronze, 273 
melting time, 274 
Charging furnaces, 251, 255, 257, 
273 
Chills, 345 
external, 346 
internal, 348 
Choked gating system, 324 
Clay content of sand, 148 
definition, 149 
Clay washing, 216, 217 
Cleaning electrical equipment, 51 
Combs laboratory sifter, 153 
Condition of used sand, 183 
Contaminants in melting, 259 
Contraction, allowances for metal, 
118 
rule of, 124 
Control of hazards, 406 
Cooling 
factor ratio, 326 
rate, 310 
Cope 
and drag pattern equipment, 
109 
force 
required to hold down, 230 
tending to lift, 231 
Coping out, 209, 211 
Copper-base alloys, 271 
brasses, 272 
gas and oxide control, 263 
melting, 271 
tin bronze, 271 
Core prints, 225 
load bearing capacity, 239, 241 


Coreless induction furnace linings, 
86 
coil lining renewal, 87 
Cores 
cover, 226 
flotation point, 234 
function, 224 
green sand, 135 
jigs, 228 
making, 224 
prints, 225 
ram-up, 225, 227 
setting, 238 
set-up, 227 
stop-off, 228 
strainer, 328 
Corrosion resistant steel, melting, 
301 
Cover 
core, 226 
fluxes, 261 
Critical point, 387 
Crucible 
life of, 408-400 
magnesia, 257 
Cup sample, 277 
Current ship's maintenance proj- 
ect cards, 23 
Custody 
of foundry equipment and ma- 
terial, 38 
receipt (S and A Form 305a), 42 


Dead-burned magnesite, 64 
Dead-melting method, 297-298 
Defects 
and sand control, 186-187 
cause and remedies, 186-187 
detection of, 357, 369, 383 
from melting procedure, 259 
in castings, 184—188 
shrink, 316 
Degassers, 261 
function of, 261 
Degreaser, 285 
Delegating authority, 13 
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Demagnetisation, 367 
Dendrites, 317 
mechanism of growth, 318 
Dendritic theory of solidification, 
317 
Density of material, 55 
effect of in design, 381 
of film, 372, 381 
Deoxidation of brasses, 277 
of tin bronze, 275 
Departure reports, 27 
Dermatitis, penetrants аз cause 
of, 370 
Desiccator, 146 
Design elements, 121 
normally contracting group, 121 
of risers, 333 
subject to distortion, 121-124 
Dimensional accuracy, 120 
Directional solidification, 321 
example of, 322 
Discipline and routine, 6-7 
Distortion 
principles for control, 121 
spreading, 120 
Division duty CPO, 4 
Dolomite, dead-burned, 64 
Double shrink, 104 
Draft, 124—126 
in green sand molding, 125 
of cores, 125 
Drawback, 126, 128, 214 
Drop, 188 
Drop-outs, 215 
Dross, removal of, 265 
preventing entry into mold, 303 
Dry and baked permeability, 172 
Dry compression strength, 173 
Drying out new linings, 82, 86, 90 
induction furnace, 87-88 
LFY furnace, 77-82 
N R-2 furnace, 77, 82—€0 
Durability of sand, 175, 176 


Eight o'clock reports, 30 


Electric rocking furnace, 77—86, 
255, 296 
cast iron melting, 296 
charging, 255, 273 
deoxidation of tin-bronse, 275 
drying new lining, 82 
melting losses, 256 
slag formation in, 256 
Electrical equipment 
cleaning, 51 
responsibility for, 51 
Electrons, 374 
Employment schedules, 23 
Equipment 
log, 29 
material history, 52 
protective, 406 
Erosion, 56 
mold, 328 
Estimating time and material, 42 
Eutectic, 311 
Evaluation of training, 18 
Exothermic compounds, 342 
Expansion of metals, 116 
Extended print, 225 
External chills, 346 
application, 347 


Facing 
materials, 223 
nails, use of, 219 
sand, 217 
Factors 
in melting, 250 
influencing pattern design, 114 
Faking pattern, 121 
Feeding, 321, 337 
forces in, 332 
keeping risers open, need for, 
340 
lateral, 331 
longitudinal, 331 
with risers, 330 
Ferrite, 388 
Ferrous metal 
changing internal structure, 387 


Ferrous metal— Continued 
melting, 253, 256, 293 
Fillet, 132-134 
rule for radius, 133 
Film density, detecting defects by, 
372 
Firebrick shapes, 59 
Flogging, 354 
Floor molding, 215-224 
flasks, 216 
lifting cope, 218 
soft spots, 217 
walking off, 218 
Flotation of core, 234-235 
Flow-off, 342 
Fluid life of metal in riser, 342 
Fluid pressure, effect, 230-238 
Fluorescent penetrant inspection, 
367 
advantage, 370 
appearance of defect, 369 
principles, 370 
procedure, 368 
Flushing gas, 263 
Flux, forms of, 260 
Fluxes, 260 
flushing gas, 263 
for aluminum, 264 
hygroscopic, 261 
solid, 263 
Follow board, 110 
Force 
tending to lift cope, 231 
to hold cope down, 230 
Foundry hasards and their con- 
trol, 406 
Fracture test, 296 
Function 
of cores, 224 
of riser, 329 
Furnace(s) 
atmosphere, 253 
charging, 251—258 
crucible, 253 
electric rocking, 255 


Furnace(s)—Continued 

factors indicating need for re- 
lining, 72 

induction, 257 

iron pot, 253 

linings 
basic relining procedures, 67 
coreless induction, 86 
electric rocking, 77 
laying brickwork, 68 
life of, 53, 70 
maintenance of, 52 
monolithic lining, 76 
oil-fired crucible, 72 
patching, 70-72 
relining, need for, 72 

maintenance, 52 

open flame, 253 

operation, 250—258 

operator precautions, 408 

post-melting care, 53 

preheating, 251 

Fusion, 54 
effect of latent heat, 313 
heat of, source, 313 


Gaggers, use of nails as, 194 
in floor molding, 216, 221 
Gamma 
iron, 389 
rays, 372 
Gas absorption, controlling, 258- 
266 
in copper base alloys, 263 
Gate 
ideal, 323 
removal of, 353 
size, 326 
through riser, 338 
Gated pattern, 106 
Gating systems, 323-329 
bottom, 327 
choked, 324 
horn, 328 
multiple, 327 
parting line, 328 
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Gating systems—Continued 


through risers, 338 
top, 328 
Glass cover flux, 261, 274, 280 
Grain 
distribution, 160 
fineness 
class, 156 
number, 155, 158 
shape, 150-152 
structure, 322 
Graphitization, 390 
Gray iron, 389 
Green 
compression strength, 173 
test for, 175 
permeability, 170 
Green-sand 
cores, 135, 226 
mold 
strength, 239 
surface hardness, 176-180 
molds and internal chills, 348 
Gun metal, 271-272 


Handling molten metal, 409—410 
Head pressure, in pouring metal, 
232 
Heat 
absorption of sand mold, 313 
of fusion, 318 
transfer, 314 
Heat treatment, 386-398 
annealing steel castings, 396 
temperature for cast iron, 304 
homogenization, 395 
normalizing, 896 
of cast iron, 391 
of cast steel, 395 
purpose of, 386 
quenching, 397 
svress relieving, 397 
structural changes in, 389 
tempering, 396 


Height of risers, 335 
H;0, breakdown of, released as 
steam, 262 

High zinc brass, fluxing, 264 

Homogenization treatment before 
annealing, 395 

Horn gate, 328 

Hot patch for furnace lining, 71 

Hull reports, 31 

Human relations, 10 

Hydraulic bronze, 271 

Hydrogen, 259, 262 

Hygroscopic fluxes, 261 


immersion pyrometers, 267 
Index of Special Material, 34 
Indirect аге furnace and steel 
melting, 298 
Induced magnetism, 359 
Induction furnace, 293 
bridging, 258 
charging, 257 
steel heat, 300 
deoxidizers, finals, 301 
melting cast iron, 294—297 
pig iron addition, 301 
principle of operation, 257—258 
steel melting, 300 
In-excess requisitions, 37 
Inspections, 14, 26 
aspects of, 50 
fluorescent penetrant, 367 
for casting defects, 356 
magnetic particle, 357 
radiographic, 371 
relating results to molding, 
385 
Insulating material, 343 
Intensifying screens, radiographic, 
379 
Intercast members, 204 
Internal chills, 348 
Intersecting members, 130—132 
Inter-shop work requests, 26 
Inverse square law, 378 
Iron-carbide, 390 
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Iron-carbon alloy, 388 


Job order, processing, 25 
progress sheet, 28 


Kerosene, use in molding, 218 
Kiss core, 225 
K-monel, 281 


Laboratory balance, 145 

zeroing, 146 
Ladle(s) 

for steel, 93 

linings, 92 
Latent heat of fusion, 313 
Lateral feeding, 331 
Leadership, 2 

elements of, 6—15 
LFY furnace, relining details, 79 
Lifting weights, 406 
Lining life, 53, 70 
Liquidus, 312 
Logistics, 32 
Longitudinal feeding, 331 
Loose 

pattern, 106 

pieces, 126-128 
Losses, melting, 252, 254, 256 
Lubrication, 51 
Lugs, 134 


Magnesia crucible, 257 
Magnesite shapes, 61 
Magnetic 
field, 327—858 
properties of lines of force, 
361 
particle inspection, 357 
equipment, 363 
factors in interpretation, 366 
procedure, 360-364 
prod method, 364 
Maintenance, shop, 48 
and supervision, 49 
of furnace linings, 52 
of shop equipment, 52 
program for, 49 


Manganese bronze, 276 
cup sample, 277 
fluxing, 264 
Mare Island test procedure, 278 
Man-hour 
report, 29 
Schedules, 7 
Martensite, 391 
Master alloys, 273, 277 
Match board molding, 108, 197 - 
200 
procedure, 198 
Match plates, 109 
Material expended record, 29 
Material history, equipment, 52 
Melting 
aluminum, 264—265, 281—284 
aluminum bronze, 279 
and defective castings, 259 
and pyrometric control, 266 
babbitt, 284 
brass, 275 
cast iron, 265, 294 
corrosion resistant steel, 301 
factors in, 250 
ferrous metal, 253, 293 
fluxes, 260 
in electric rocking furnace, 256 
in induction furnace, 258 
in oil-fired furnace, 253, 274 
loss, 252—256 
nickel-base alloys, 265-280 
nonferrous, 271 
practices, 53 
steel, 266, 298-302 
tin bronze, 272-275 
yellow brass, 275—278 
Metal contraction, rvle of, 124 
Metal patterns, 104 
Methods 
of cleaning castings, 353 
of teaching, 17 
Modulus of rupture, 55 
Moisture 
content of sand, 145 
teller, 146 


447 


Mold 
influence of ramming, 178 
manipulation, 344—345 
surface hardness, 177 
Molding 
cog gear, 196-197 
fundamental operations of, 193 
grooved pulley wheel, 200 
intercast members, 204—206 
match board, 197—200 
pressure fitting, 202 
sanitary pump impeller, 194 
swivel hook, 206 
typical problems of, 194—224 
Molds 
dry sand, 194 
forces tending to distort, 230 
green, 194, 239 
skin dried, 194 
Monel, 280 
Monolithic lining, 75—77 
Mortar, mixing, 67 
Multiple gating system, 327 


Maturally bonded sand, 184 
Naval Research Laboratory tests, 
331 
Necessary chaplet area, 242 
Neutral refractories, 58 
Nickel base alloy 
charging and melting, 280 
fluxing, 265 
Nitrogen, flushing, 263 
Nonferrous metals 
melting, 271 
liser removal, 354 
Normalizing, 396 
Notes on pouring, 302-305 
N R-2 furnace, relining details, 82 
Nuclei of dendrites, 317—318 


Oakite, 285 
Oil-fired crucible furnace linings, 
72-77 
Oil-fired furnace, 253, 293 
charging, 254 


Oil-fired furnace—Continued 
melting in, 253, 274 
losses, 254 
Optical pyrometer, 251 
reading, 267 
Orders, giving of, 11 
principles for, 12 
Organisation in supervision, value 
of, 3 
Overheating, checking to avoid, 
274 
Oxide inclusion, 258 
Oxides, removal of, 261 


Padding, 132 
examples of, 133 
Parting line gates, 328 
Patching 
furnace linings, 70 
molds, 214—215 
Pattern 
construction methods, 115 
design factors, 114 
equipment, 103-114 
classification of, 105 
cope and drag, 109 
follow board, 110 
gated pattern, 106 
loose pattern, 106 
match 
board, 108 
plate, 108 
ram-up block, 111 
sand match, 113 
skeletons, 114 
special, 109 
sweeps, 113 
materials, 103-105 
Pearlite, 388 
Pencil gate, 328 
Permanent volume change after 
high temperature, 56 
Permeability 
base, 170 
dry and baked, 172 
green, 170 


Permeabilit y—Continued 
meter, 167 
routine tests, 169 
Phosphor bronze, 272 
Phosphor-copper, 264, 275 
Pickling process, 354 
working with acids, 355 
Planning, 14 
conference, 98 
for teaching, 15 
production, 97 
training program, 16 
Plaster patterns, 105 
Plastic 
chrome ore, 63 
fire clay, 63 
patterns, characteristics of, 104 
Pop gates, 196 
Porosity, 316-317 
control of dendritic, 320 
dendrite growth as cause of, 319 
in refractories, 55 
Portable X-ray equipment, 373- 
374 
Pouring 
basin, 219 
notes, 302—305 
rate, 328 
temperature, 266-208, 272, 274, 
306 
Praise and censure, 7 
Preformed shapes, 61 
Preheating, 251, 294 
Preparation 
of bulk refractories, 66 
of foundry mixtures, 188 
Prevention of accidents, 404—406 
Principles of casting, design, 128 
Principles of shadow formation in 
radiograph, 384 
Printing back, 223-224 
Processing job order, 25 
Prod method of magnetic particle 
inspection, 364 
Production planning, interest in, 
97 


Production planning—Continued 
Machinery Repairman, 101 
Metalsmith, 101 
Molder, 100 
Patternmaker, 100 

Program for safety, 403 

Progress reports, 26, 28 

Projected surface area, 236-237 

Properties of sand, 144 
determination of, 163 
permeability, 166-173 

Proportioning sections, 130 

Protective equipment, 406 

Pyrometers, 251, 267 
readings 

accurate, 267 
erroneous, 267 

Pyrometric 
cone equivalent (PCE), 54 
control, 266 


Quenching, 397 


Radiant energy, 372 
Radiation safety, 377 
Radiographic 
equipment, 372 
inspection, 371 
causes of distortion in, 383 
defects 
characteristics of, 384—385 
detected, 383 
standards, 381 
Ramming, influence on surface 
hardness, 178 
Ram-up 
block, 111 
plaster, 112 
print, 225, 227, 239 
Randupson process, 190 
Rat tail, 185 
Rate of solidification, 310, 322 
Rebabbitting, 284 
Reconditioning sand, 184 
Records and reports, 28 
eight o'clock reports, 30 
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Records and reporte—Continued 
equipment log, 29 
hull reports, 31 
job order progress sheet, 28 
man-hour report, 29 
material] expended record, 29 
work progress log, 28 
Red brass, 275 
Reducing pipe fitting, 202 
Refractories 
bulk, 62 
castable, 69 
characteristics of, 53 
function and properties, 53 
hydraulic setting, 64 
installation notes, 65 
kinds and use, 58 
load bearing resistance, 55 
preformed shapes, 61 
preparation 
for use, 65 
of dry bulk materials, 66 
ramming material, types of, 68 
Regular overhaul, 22 
Relining, factors indicating need 
for, 72, 88 
Repair 
parts, 34 
procedure, 21 
Reports 
departure, 27 
progress, 26, 28 
Requisitioning supplies, 35-38 
for relining job, 60 
in-excess reqüisition, 37 
stub requisition, 35 
Responsibility for safety in the 
foundry, 402 
Restricted availability, 22 
Ribs, 135 
Risering, 329-333 
Risers 
blind, 332-333 
contact area, 334 
design, 333—334 
examples, 336 


Risers—Continued 
design—Continued 
height, 335 
procedure, 334 
shape, 334—335 
short neck, 335 
Size, 334—335 
efficiency, 338 
function of, 329 
gating through, 338 
insulating materials, 343—344 
need to keep open, 341 
open to atmosphere, 340 
prolonging the fluid life of metal 
in, 342 
removal of, 353 
Routine and discipline, 6—7 
Rule of metal contraction, 124 


Safety 
accident prevention, 404 
attitudes toward, 403 
foundry hasards and their con- 
trol, 406 | 
іп molding and core making, 407 
information, sources of, 411 
precautions during cleaning, 410 
for furnace operators, 408 
for handling molten metal, 
409 
program for, 403 
protective equipment, 406 
radiation, 377 
responsibility as a supervisor, 


Safety Review, 411 
Salvage of castings, 385 
Sand 
analysis and testing, 144, 163, 
182 
clay content, 148 
control, 140 
analysis and testing, 144, 163 
condition of used sand, 183 
faulty castings from lack of, 
184 
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Sand—Continued 
control—Continued 
in routine operation, 141, 182 
of heap and core sands, 180 
preparation of sample, 142- 
144, 164 
sequence of tests, 182 
tool for foundry supervision, 
180 
value of, 140 
determining composition of, 148 
determining properties of, 163 
drop-outs, 215 
durability, 175-176 
facing, 217 
grain 
distribution, 160 
fineness 
class, 156 
number, 155 
shape, 150 
size, 155 
hardness, 178 
heat absorption in mold, 313- 
314 
match, 209-210 
mixtures, 188 
moisture content, 145 
naturally bonded, 184 
preparing foundry mixtures, 
188 
properties, 144 
rammer, 164 
reconditioning, 184 
reducing sample, 142 
removal from casting, 353 
sharp, synthetic, 152 
sieve analysis, 152 
strength tests, 173 
synthetic, 152 
Scab, 188 
Scaling, 354 
Scavenging, 263 
Scrap, used as charge, 272 
Sea coal, 150 
Set core print, 225 
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Setting cores, 238 
Shadow picture in radiography, 
382 
cause of distortion in, 383 
Shakeout and cleaning, 352 
Shape of riser, 334—335 
Ships Machinery Index, 34 
Shop maintenance program, 49 
cleaning, 50 
furnace lining repair, 65-93 
housekeeping, 405 
lubrication, 51 
Shop supervisor, duties of, 5 
Shrink, 116 
allowances, 116 
compensation for, 117 
defects, 316 
types, 317 
double, 104 
Shrinkage, 315-316 
center line, 317 
cope draw, 317 
interdendritic, 319—321 
re-entrant angle, 317 
Sieve analysis, 152-163 
distribution curves, 157 
equipment, 152 
Silica shapes, 61 
Silicon-carbide shapes, 62 
Sil-o-Cel, 344 
Sintered linings, 87, 90, 257 
Sintering heat, 90 
Size of risers, 334 
Skeletons, 114 
Skimming, 303 
Skin thickness, 309 
Slagging, 54 
Slip, 63 
Soffel’s Thermatomie, 343 
Soldiers, 194—196 
Solid flux, 263 
Solidification, 308 
control of, 308 
dendritic theory, 317 
directional, 321 
of bar and plate sections, 331 


Solidification—Continued 


Solidus, 312 
Sorting coefficient, 160 
Spalling, 54 
Special pattern equipment, 109 
Speedy moisture tester, 145 
Splash core, use of, 196 
Split-pattern molding, problem, 
194 
Spreading, 120 
Sprue, volume of metal carried by, 
325 
Standard stock, Navy material, 33 
Steel, avoiding defects in, 266 
boiling method of melting, 297 
charge, 298 
classes of castings, 297 
dead melting method, 297 
heat treatment, 395-398 
melting methods, 297—302 
pouring temperature, 302 
tapping temperature, 300 
Step gating, 221 
Stopping off, 206—209 
Storage and inventory, 41-43 
Storerooms, types of, 41 
Stowing supplies, 43 
Strainer core, 328 
Strength of sand, 173 
green compression, 173 
testing machine, 174 
Stress relieving 387—397 
ferrous metals, 387, 392 
nonferrous metals, 387, 392 
Structural changes during trans- 
formation, 389 
Stub requisition (Form 307), 35 
Substitute materials in sand 
mixes, 189 
Supervision 
administrative duties, 21 
and safety, 402 
and sand control, 180 
and shop maintenance, 49 
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Supervision—Continued 
delegating authority, 13 
distributing work, 14, 27 
elements of, 6—15 
inspections, 14, 26, 50 

Supply, 32 
conservation of, 44 
requisitioning procedure, 35 
returned material, 37 
stowing, 43 

Surface hardness of green-sand 
mold, 176 

Surface print, 225 

Surveys, 38—41 
procedure, 40 
types, 39 

Sweeps, 113 


Tapered sections, 129 
Tapping 
operation, 297 
temperature, 274 
Teaching 
evaluation of, 18 
methods of, 17 
plan for, 15 
Technical availability, 23 
Temperature 
for annealing cast iron, 394 
gradient, 314 
effect of bottom gating, 327 
influence of pouring rate, 315 
shakeout, 352 
Tempering, 396 
Test spoon sample, 280 
Testing and inspection for defects, 
356—386 
Thermal 
conductivity, 55 
expansion, 56 
Thermocouple, 267 
Time required to melt charge, 274 
Time-temperature cooling curve, 
311 
Tin bronze, 271 
charges, 273 


Tin bronsze—Continued 
melting, 272 

Top gate, 328 

Top pouring, 196 

Training 
and safety, 403 
evaluation of, 18 
on-job, 18 

Transformation point, 387, 389 
апа carbon, 388 
cooling through, 391 
structural changes, 389 

Transite sleeve, 90 

Turbulence, 324 


Ultrasonic testing, 356 

U. S. Navy Manual of Safety 
Equipment, 411 

U. S. Navy Safety Precautions, 411 

Universal sand strength machine 
174 

Upkeep period, 23 

Used sand, condition of, 183 

Using chills, 345 


Valve body mold, 219 


Valve bronze, 272 

Volume change, 116 

Volume-surface area ratio, 310, 
326 

Voyage repair, 23 


Wall thickness of castings, 129 
Wash heat, 253 
Wooden flasks, 216 
Work 
progress log, 28 
requests, 23, 26 
schedules, 27 
Working with acid, 354—355 


X-rays 
interpretation, 381 
overexposure, 376 
principles of generation, 375 
safety, radiation, 377 


Yellow brass, 275 
deoxidation, 277 
pouring, 276 


Zinc, brasses, 264 
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